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Especially compiled for use not only by inspectors but by engineers, 
architects, contractors, and others interested in quality concrete con- 
struction. 


Fourth Edition 


Written by ACI Committee 611, Inspection of Concrete, 
this handbook describes methods of inspecting concrete 
which are generally accepted as good practice. Among 
phases covered are inspection before, during and after 
concreting, control of mix proportions, testing of ma- 
terials, etc. References and check list of inspection also 
included. 240 pages, in hard cover, pocketsized for 
handy reference. 
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Coming next month 
in the JOURNAL 


Past president Joz W. KeEtty looks forward as he 
discusses the uniqueness of concrete, pointing out 
that the best years of this widely used material are 
still ahead, in his outgoing presidential address, 
“Universal material—Cosmopolitan society.” 


L. A. ASHTON and S. C. C. BATE present results of 
an investigation of “The Fire Resistance of Pre- 
stressed Concrete Beams” with post-tensioned ca- 
bles. Objective of the investigation was to obtain 
information on the design of beams for buildings of 
high fire risk requiring fire resistance of 4 hr for 
structural elements. 

N. S. Lone and T. W. HowELt present an on-the-job 
construction review of “Concrete for the Mammoth 
Pool Power Tunnel,” an integral part of the South- 
ern California Edison Co.’s Big Creek Hydroelectric 
Power Project which develops the hydroelectric po- 
tential of the upper San Joaquin River. 


CHARLES WILSON gives a step-by-step description of 
the analysis and design of prestressed concrete bridge 
members as performed by a small scale electronic 
computer in his paper, “Prestressed Concrete Beams 
by Electronic Computer.” 


“The Response of Concrete Shear Keys to Dynamic 
Loading” by ROBERT J. HANSEN, EDWARD G. Nawy, 
and JAYANT M. SHAH reports on a series of tests 
on three types of concrete shear keys under static 
and dynamic loading comparable to that experienced 
in a building subject to air blast loading from nu- 
clear weapon. 

C. P. THORNE reports on extensive investigation of 
“Concrete Properties Relevant to Reactor Shield 
Behav:-or,” commenting on the type of concrete best 
suited to the particular requirements of reactor 
shielding. 





On the Cover—LEWIS H. TUTHILL, concrete engineer, Divi- 
sion of Design and Construction, California State Depart- 
ment of Water Resources, Sacramento, who was installed 
as President of the American Concrete Institute for a 1-year 
term at the February, 1961, annual meeting. 











Manuscripts of papers, discussions, and reports 


should be sent in triplicate to: 


Secretary, Technical Activities Committee 
AMERICAN CONCRETE INSTITUTE 
P. O. BOX 4754, REDFORD STATION, DETROIT 19, MICHIGAN 





At your Fingertips... 


Quick location of specific an- 
swers to recurring questions 


in concrete ... in ACI’s new 


55-Year Index 


@ About 18,000 entries, titles in No longer must you search three 
bold type 





or four indexes to find the ma- 
;, terial that will help solve your con- 

@ Each paper indexed by title. bl : 
author, and major subject clas- crete problems. 
seeicRtIOR This book replaces eight previous 
; ; indexes and also includes an index 
© Special section contains synop- ‘al % 
ses of all JOURNAL papers to material previously not covered. 


rhi . ©} 2 gr cr 
published since 1929 It opens the door to a 55-year ac- 


— rn , cumulation of facts from 1905 to 
@ Special JOURNAL sections: 959 deali ‘th all vl f 
Job Problems & Practices, Let- 1959 dealing with all phases o 
ters from Readers, Concrete concrete—design, construction, re- 
Briefs, and Problems & Prac- search, manufacturing, mainte- 


tices also indexed nance and engineering. 








@ Also listed are committee re- . 
ports and presidential addresses Price _ $9.00 

@ Over 300 pages, 6x9-in. size $4.50 to ACI members 
a eS ee 1 
American Concrete Institute | 
P.O. Box 4754, Redford Station | 
Detroit 19, Michigan 
| Gentlemen: 
| Please send me ____-. copy/copies of the 55-Year Index. Enclosed 
| | _ in payment. 
| 
Name (please print) 
1 oe oe a oe eS ee ee ee ae | 
| Street Address City & State (or Country) 

| 

i 











Concrete at new Dulles International Airport 


High Speed 
paving 

with 
PLASTIMENT 





Owner: Federal Aviation Agency; Consulting Engineer: Ammann & Whitney, New York, N.Y 
General Contracter runways and turnoffs: C.J. Langenfelder & Sons, Inc., Baltimore, Md 


Pal 





* 
‘ 


Chantilly, Virginia, was centrally mixed and carried to the site in dumpcrete trucks 


Concreting the two-mile runways at the huge new Dulles Interna- 
tional Airport near Washington, D. C., presented two major problems 
to the paving contractor: (1) limited workability at specified water 
cement ratio, and (2) rapid surface drying at high summer tempera- 
tures. Anticipating these problems, the consultants specified a retard- 
ing densifier to be used in variable proportions 


Plastiment Retarding Densificr produced the needed workability at 
1-1/2” slump. Rapid, clear-water bleeding climinated premature 
drying and provided sufficient moisture at the surface of the slab for 
proper finishing 

Compressive strength developed rapidly, averaging 2300 psi at 24 
hours and 4200 psi in 3 days 

Plastiment features are fully detailed in Bulletin PCD-59. Ask for 
your copy. Offices and dealers in principal cities; affiliate manufactur- 


ing companies around the world. In Canada, Sika Chemical of Cana- 
da, Ltd.; in Latin America, Sika Panama, S. A 


SmIiKA CHEMICAL CORPORATION 








Passaic, N.J 


Title No. 57-54 


Load Tests of Patterned 
Concrete Masonry Walls 


By R. O. HEDSTROM 


Laboratory tests were performed to determine compressive and flexura! 
strengths of concrete block walls laid in nine different patterns. Flexural 
tests were made on wall panels subjected to bending across a vertical and 
a horizontal span. Two types of mortar were used. Reinforcing steel was 
included in some of the walls tested in flexure across a horizontal span. 
The performance of the walls laid in the various patterns is compared to 
that of standard running bond. 


M MASONRY CONSTRUCTION IS one of the oldest building techniques, 
and it survives today because of its beauty and its adaptability to form 
and architectural treatment. In the past, exposed masonry was confined 
to various kinds and sizes of brick and stone. Concrete block has been 
used as a backup material for many decades, but it is being used more 
and more as a finished wall material for both exteriors and interiors 
of homes, churches, schools, and public and commercial buildings. This 
popularity has been achieved through the low cost of construction and 
the adaptability of concrete masonry to a wide variety of interesting 
patterns.'” 

Block arranged in any desired pattern may of course be used for 
non-load-bearing walls, but patterns in load-bearing walls have been 
restricted by building code requirements or by the lack of information 
needed by design engineers and architects. The structural strength and 
stability of load-bearing walls constructed of 8 x 8 x 16-in. units laid in 
running bond (Fig. 1) have been established experimentally,’* but 
there is little published information describing suitability of concrete 
masonry walls laid in other patterns. 

To supply some of the needed data, the Research and Development 
Laboratories of the Portland Cement Association have carried out tests 
to determine the compressive and flexural strength of concrete block 
wall panels laid up in nine different patterns (Fig. 1). About 100 wall 
panels, 4x8 ft, were tested. The patterns were chosen as typifying 
several arrangements, and it is believed that the information developed 
from the selected patterns is applicable to any pattern that has been 
proposed. 


1265 
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TEST PROGRAM 


The program was designed to investigate the structural properties of concrete 
masonry walls laid up in various block arrangements as compared to the al- 
ready accepted load-bearing walls laid up in the standard running bond. The 
results were to form the basis for an evaluation of the various masonry wall 
patterns with respect to meeting code requirements for load-bearing structural 
walls. The objectives of the testing program were: 

1. Determine the relative compressive strength of the various masonry 
patterns compared to the conventional running bond pattern in wall panels 
(4 x 8 ft) 

2. Determine the flexural strength of walls of the same patterns and 
size with a uniform transverse load across a vertical span (reaction mem- 
bers at top and bottom) 





RUNNING BOND HORIZ. STACK VERTICAL STACK 





























DIAG. BASKET WEAVE DIAGONAL BOND BASKET WEAVE A 





RUNNING BOND COURSED ASHLAR BASKET WEAVE B 
4-in. High Units 


Fig. |—Concrete masonry patterns for structural tests 
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ACI member Richard O. Hedstrom is development engineer, Products and 
Applications Development Section, Portland Cement Association Research and 
Development Laboratories, Skokie, Ill. Previous to joining PCA in 1955 he 
worked in the Engineering Department of Robert Hunt Co. He is a member 
of Committee 331, Structures of Concrete Masonry Units | 





3. Determine the flexural strength of a limited number of patterns with 
a uniform transverse load across a horizontal span (reaction members at 
both ends) 
4. Determine the effect of horizontal joint reinforcement on the trans- 
verse strength of walls across a horizontal span 
5. Check the effect of a superimposed compressive load on the transverse 
load resistance of wall panels, with the transverse load applied across the 
vertical span of the wall panels 
6. Investigate the effect of various mortars on wall strength 
The tests were planned primarily to furnish information on the behavior 
under compressive and transverse loads of wall panels of sufficient size to 
represent story-height building construction. To achieve this, all compression 
and vertical span transverse load tests were carried out in accordance with 
ASTM E72-55.5 The following schedule indicates the architectural patterns 
included in these tests. 


Series |—Compression tests 


Compression tests were made on the following patterns which are illustrated 

in Fig. 1: 
1. Running bond (8x 8x 16-in. units) 

. Horizontal stacked bond (8 x 8 x 16-in. units) 
. Vertical stacked bond (8x 8x 16-in. units) 
. Diagonal running bond (8 x 8x 16-in. units) 

Diagonal basket weave (8x 8x 16-in. units) 
6. Basket weave-A (8x8x16, 8x8x8-in. units) 
7. Basket weave-B (8x 8x 16-in. units) 
8. Coursed ashlar (8x8x 16, 8x4x 16-in. units) 
9. Running bond (8 x 4x 16-in. units) 


> Om wb 


The concrete masonry units were commercial three-core stretcher units made 
with expanded shale aggregate, and cured with steam at atmospheric pressure. 
The walls were erected with Type M and Type S portland cement-lime mortars 
(ASTM C 270) using only face shell mortar bedding. 


Series I|—Transverse tests (vertical span) 


Same units, mortar bedding, mortars and patterns as in Series I. Six of the 
walls used in this series of tests were repaired after failure and were then 
subjected to a combined compression and transverse load test. 


Series I11—Transverse tests (horizontal span) 


Same units, mortars and mortar bedding as in Series I and II. Also some of 
these walls were reinforced with steel in the horizontal mortar joints. Wall 
patterns included in this series were: 

1. Running bond (8x 8x 16-in. units) 

2. Horizontal stacked bond (8 x 8x 16-in. units) 
3. Diagonal basket weave (8 x 8 x 16-in. units) 
4. Running bond (8x 4x 16-in. units) 
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Auxiliary tests 
Auxiliary tests included in the program to provide required information about 
the wall components and materials included the following: 
1. Moisture content of units 
2. Compressive strength of units 
3. Mortar strength in compression and tension 


ERECTION OF WALLS 


Series | and Il 

The walls for tests of compression and transverse load across a vertical span 
were erected in groups of 12 walls at a time. Each group consisted of two walls 
of each of six patterns. One wall of each of the six patterns was tested in 
compression and the six companion walls were tested in flexure. The wall 
panels were 4 x 8 ft for both series of tests, the only exception being the walls 
erected in the two diagonal patterns which were 3 ft 9 in. wide by 8 ft 5 in. high. 

To provide a rigid base on which the walls could be built, transported, and 
tested, reinforced concrete pallets were used. The walls were all laid up by an 
experienced mason following his usual style of workmanship. The first courses 
were laid in a full mortar bed on the pallets. All joints were given a final 
tooling to form a concave mortar joint. It is believed that the workmanship 
used in laying up the walls is representative of well-supervised building con- 
struction in this locality (Fig. 2). 

All the walls were air cured in the laboratory at an average temperature 
of 73 F, and were tested between the ages of 28 and 35 days. During these 
first two series of tests, the walls were 
subject to relative humidity variations 
between 38 and 65 percent. 


Series III 


The walls erected for testing with a 
transverse load across the horizontal 
span were 8 ft long by 4 ft high, except 
that walls built with the diagonal pat- 
tern were 3 ft 9 in. high by 8 ft 5 in. 
long. The same type of units and mor- 
tars were used in this series as in Se- 
ries I and II. Some of the walls were 
erected with two different amounts of 
horizontal reinforcing steel. The steel 
was a truss type of masonry reinforce- 
ment made with #9 wire. 

The walls were erected on 6-in. steel 
channels and were not moved after 
erection. To reduce restraining friction 
at the bottom of the walls, the steel 
channels were covered with an enve- 

lope of polyethylene sheet containing a 
Fig. 2—Pallets, scaffolding, and align- thin layer of fly ash. The walls were 
ment frame used in wall erection then erected on top of the plastic in 
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TABLE | — PHYSICAL PROPERTIES OF MORTARS AS USED IN WALLS 
Strength, psi 


Type and mix Age, Compression Tension Bond* 
proportions days | 
| Cure At Cure Bt Cure A Cure B Cure B 
TypeM | . 1100 145 : 44 
1:114:434 7 | 1660 200 52 
C:L:S | 14 | 2200 1780 240 200 58 
| 28 2500 1940 275 250 58 
Type S 3 420 75 - 15 
ee ty 7 720 - 100 -— 18 
14 950 900 130 120 22 
28 1290 1240 180 155 26 


*Two block pier—stored with walls 
+Cure A—Moist cured 7 days followed by air storage at 50 percent relative humidity 
tCure B—Continuous storage at 50 percent relative humidity 


Note: The compressive strengths of these mortars mixed and cured according to ASTM C 270 
were: Type M—4050 psi; Type S—2100 psi 


the same manner as the walls for Series I and II. All the walls in Series III 
were air cured a minimum of 14 days at 73 F and 50 percent relative humidity. 


Combined load test 


The wall panels used for the combined compression and transverse load test 
were walls that had been tested in Series II, with a transverse load across the 
vertical span and had been repaired with a polyester resin. In these walls the 
first test failure always occurred on one side of the mortar joint only, with the 
mortar apparently firmly bonded to the block on the opposite side. Without 
removing this mortar, the two pieces of the wall panel were glued back together 
with the resin. It was believed that this method of repair restored the walls 
to approximately their original strength. 


TESTING PROCEDURES 


Properties of mortars and units 

The mortar mixes used in Series I and II were established on a strength basis 
and with the mason’s consultation as to workability. The mason found the 
most severe demand on the mortar to be the requirement that it hold together 
on the 16 in. vertical face shell when erecting the vertical stacked bond wall. 
This resulted in establishing a Type M (ASTM C 270) mortar mix in the fol- 
lowing proportions: 1 part portland cement, 1% parts pressure hydrated Type 
“S” lime, and 4% parts sand. The second mortar mix, designated as Type S 
mortar, had the following proportions: 1 part portland cement, 2 parts pressure 
hydrated Type “S” lime, and 7 parts sand. The actual proportioning was done 
by weight. The water content of the mix was adjusted to the mason’s instruc- 
tions and after being established the mixes were maintained at the desired 
consistency. Flow determinations were made on each batch according to ASTM 
C 109-56, “Method of Test for Compressive Strength of Hydraulic Cement 
Mortars.” 

ASTM C 270-57T, ‘Mortar for Unit Masonry,” gives two methods of classifi- 
cation of the mortar types. These methods allow the mortar to be classified 
either by the property specification or the proportion specification, and for these 
tests the property specification was used. When made according to this speci- 
fication a Type M mortar must have a minimum average compressive strength 
of 2500 psi at 28 days under continuous moist curing. A Type S mortar must have 
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a strength of at least 1800 psi at 28 days. The mortars as used and designated 
in these tests had average 28 day compressive strengths of 4050 psi for Type M 
mortar and 2100 psi for Type S mortar under continuous moist curing. It should 
be recognized that mortars complying with this specification are made with 
a different flow and are cured under different conditions than those used in 
construction of the walls. 

The proportions of the mortar mix were based on surface-dry, loose volumes 
of sand. The mortar sand was purchased locally and was found to have a uniform 
grading. The average gradation was: 


U.S. Standard Percent 
Sieve No. retained 

4 0 
8 Trace 

16 9 

30 34 

50 84 

100 98 
Fineness modulus 2.25 


Cubes and briquets were made from the batches of mortar used by the mason. 
Some of these specimens were air cured with the walls and some were fog 
cured for 7 days. The physical properties of the mortars are given in Table 1. 

The two types of curing of the mortar cubes and briquets reported in Table 1 
were chosen to provide a more realistic estimate of the strength of mortar in 
the wall at the time of test. Other tests have indicated that the strength of 
mortar moist cured for 7 days is somewhat greater than that of mortar in the 
wall while the strength of mortar cast in nonabsorptive molds and cured con- 
tinuously at 50 percent relative humidity is slightly weaker. 

All block were artificially dried and then stored in the laboratory for several 
weeks so that they were approximately in moisture equilibrium with the ambient 
atmosphere at the time the walls were erected. Sufficient units were taken from 
each lot of block to determine the physical properties of the block under ASTM 
C 90-52, “Standard Specification for Hollow Load-Bearing Concrete Masonry 
Units.” The absorption ranged from 15.3 to 17.1 percent for the 8-in. high units 
and 20.3 to 21.3 percent for the 4-in. high units. The net area of the 8-in. units 
was 57.1 percent and for the 4-in. units, 55.7 percent. The weight of the concrete 
in the units averaged 79.2 lb per cu ft. Compressive strength of the units and 
the bond strength of two-unit couplets stored with the walls were determined 
at the time the walls were tested. The compression tests on the units were made 
in accordance with the methods of ASTM C 140-56, “Sampling and Testing 
Concrete Masonry Units,” and results are recorded in Table 2. The tensile bond 
strength was determined by the method illustrated in Fig. 3, in which a moment 
was applied to a two-unit couplet by loading a lever arm clamped to the top 
unit, an adaptation of a method previously used by Saemann® and others. Tensile 
bond strength was determined by the formula 


LD 
3 = 
CA 


S = average tensile bond strength, psi 

L = applied load, lb (including equivalent weight due to lever arm 
dead weight) 

= lever arm, in. 

= distance between center lines of face shells, in. 

= mortar contact area on tension face shell, sq in. 


>a 
| 
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Fig. 3—Apparatus used to 
test two-block couplet for 
mortar bond strength 





Compression testing of walls 


All of the walls tested in compression were capped with a neat cement paste 
and were loaded through a 2-in. steel plate. The tests were in accordance with 
ASTM E72-55. An eccentric load was applied through a spherical bearing block 
and 21 in. wide-flange beam, with web stiffening plates, to a l-in. sq cold-rolled 
steel rod placed one-sixth the wall thickness from the central plane of the wall. 
The bearing areas on both sides of the rod were cushioned with leather belting. 

Wall deformations were measured by four vertical compressometers of 88-in. 
gage length, two on each side of the wall. Five dial gages were mounted on 
each end of the wall in a special frame for measuring the transverse deflections. 

The walls were tested by a succession of loading and unloading operations 
with progressively increasing loads. Compressometer and transverse deflection 
readings were taken after each load was applied, and the amount of set was 
recorded when the load was released. 


Transverse testing of walls 

Two types of transverse load tests were performed. The transverse strength 
of a vertical span was determined as specified in ASTM E72-55 in a special 
testing machine designed for the purpose (Fig. 4). The test walls were buil 
in the same manner as the compression test walls, and when ready for testing 
were set on a steel plate which rested on two 1-in. diameter steel rollers. The 
transverse load was applied uniformly over a 7 ft 6 in. vertical span by an 
air-filled plastic bag. 

The transverse strength of a horizontal span was determined by the same 
testing apparatus used in the vertical-span transverse load tests except that 
the plastic bag and frame were rotated 90 deg and the bearing members were 
attached to the two ends of the wall instead of at the top and bottom 

The transverse load was applied in equal increments. After measuring the 
deflections at each increment, the load was released and the set was recorded. 

In the vertical-span transverse load tests the deflections were measured at 
both ends of the walls. In the horizontal-span transverse load tests the deflec- 
tions were measured at the top, bottom, and center of the walls at midspan. 


LOAD TESTS OF MASONRY WALLS 1273 


Combined load testing of walls 

The six walls tested with a combined static compression load and increasing 
transverse loads, which had been tested previously in flexure across a vertical 
span and had been repaired with a polyester resin, were placed in the flexural 
test apparatus so that the side that had been the compression face in the first 
test was now the tensile face. The compressive load was centrally applied across 
the 4 ft length of the wall and was equal to the usual code allowable load of 
85 psi of gross wall area. The lateral load was then applied in increments of 
20 lb per sq ft to the face of the wall. The horizontal deflections under load 
were recorded and the set after release of the load was recorded after each 
increment. 


TEST RESULTS 


In the following discussion of the test results, data are presented 
which are most pertinent to the load-carrying capacity of the walls. All 
measurements are on file and are available, but data which appear to 
be of secondary importance have been omitted. 


Mortar 

The physical properties of the mortars are recorded in Table 1 and 
show that moist curing provides a considerable improvement in strength. 
This is particularly true of Type M mortar, which contains a higher per- 
centage of portland cement. The wall tests were conducted under con- 
ditions that were relatively unfavorable in developing mortar strength. 
The block and walls were stored continuously at approximately 50 


Fig. 4—Vertical span trans- 
verse load testing apparatus 
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percent relative humidity so that the only water available for hydration 
of the cement was that initially contained in the mortar. The initial 
absorption of water from the mortar tends to increase the strength by 
lowering the water-cement ratio; however, since much of the water 
absorbed by the block is quickly lost to the atmosphere, the mortar 
does not receive the benefit of further curing. 


Compression tests 


The compressive strength data for all walls are summarized in Table 2. 
The running bond pattern has become an accepted standard, and the 
performance of the various wall patterns is compared to that of the 
running bond. Over 2 years block obtained in various shipments from 
the same plant showed a range in compressive strength from 1165 to 
1450 psi and on that account a direct comparison of the ultimate strength 
does not provide a true comparison of the relative strengths of the 
various walls. The column in Table 2 that expresses the wall strength 
as a percentage of the standard includes a correction for the difference 
in compressive strength of the units. This particular correction is based 
on the direct compressive strength of the unit as normally tested. 

There was little difference in compressive strength of walls in which 
all block were laid horizontally, ie., the 4- and 8-in. running bond, 
horizontal stacked bond, and coursed ashlar. The strength of walls 
containing diagonal or vertical block was about 75 percent of the stand- 
ard. The strength of the individual 
block tested in a vertical direction 
(i.e., loaded on the ends) was 60 to 
70 percent of the strength obtained 
when tested in a horizontal direc- 
tion, and this was reflected in the 
lower strength of walls containing 
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Fig. 5 — Load-strain relationship of 
walls, nine different bond patterns 


strength that probably would be 
obtained with the diagonal pattern 
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Fig. 6—Deflections of 8 in. masonry wall running bond pattern, Type M mortar 


if the mortar strength was near the lower limit of the ASTM specifica- 
tion for a mortar to be used for load bearing walls (750 psi). Even 
with the relatively high strength mortars used, the failures in the 
diagonal patterns built using Type S mortar were primarily by shear 
along the joints, rather than in the block. With the high strength 
mortar, however, this shear failure occurred at loads close to the ulti- 
mate strength of the block and probably would be materially lowered 
as the strength of the mortar was reduced. 

Other investigators have compared the compressive strength of walls 
to the strength of individual units, and this comparison is also given in 
Table 2; however, the comparison is based on the strength of the unit 
as used in the wall, ie., horizontal, vertical, or diagonal. With four 
exceptions, all walls failed at unit loads of 35 to 50 percent of the 
strength of the individual block. Two of the four exceptions showed 
strengths greater than 50 percent of the block strength, and two showed 
less than 35 percent. 

Fig. 5 shows, for all nine patterns, the total range of vertical deforma- 
tion adjusted from the 88-in. gage length to the 96-in. gage length pro- 
vided in ASTM E72-55. The vertical deformation of the individual 
faces of the walls was apparently sensitive to precise location of the 
l-in. loading bar and the alignment of the wall and testing equipment. 
However, the limited range shown by Fig. 5 indicates that the average 
deformation of the individual walls was not greatly affected by wall 
pattern or type of mortar. 
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The transverse deflection of walls under an eccentric compressive 
load also appeared to be affected more by the precise alignment of wall 
and testing setup than by the wall pattern or type of mortar. Most of 
the walls showed the expected deflection and curvature similar to that 
shown in Fig. 6. The rotation of the wall was restrained considerably 
more at the bottom than at the top, and this produced unsymmetrical 
bending of the wall. At lower loads the maximum transverse deflec- 
tion occurred at midheight, but gradually moved up as the load and 
deflection increased, as shown in Fig. 6. The maximum transverse de- 
flection for any of the walls tested was less than 0.09 in. 

Four of the walls deflected under eccentric load into a slightly S- 
shape. This was probably due to some small misalignment of the wall 
or testing setup, but this was not definitely established. Under this 
condition the dial at midheight indicated practically zero deflection 
throughout the test. Reruns of these particular walls produced the 
deflection curves normally expected, and approximately the same ulti- 
mate strengths were obtained. Since all transverse deflections were 
small, they had little effect on ulti- 
mate strength of the wall panels. 

The running bond walls with 
Type M mortar developed over 45 
percent of the unit strength at fail- 
ure and those with Type S mortar 
developed about 40 percent. Actual 
failure in every case occurred in 
the top two courses of units which 
failed in compression of the face 
shell carrying the greater load. 
Compression failure was accom- 
panied by a splitting of the webs 
from the top unit down through 
at least three courses. 

The horizontal stacked bond wall 
erected with the Type M mortar 
developed 46 percent of the unit 
strength at failure, and the wall 
with Type S mortar developed 41 
percent. The failures duplicated 
those of the running bond. Before 
ultimate failure of the wall built 
with Type S mortar, however, bond 
failures were observed along the 
Fig. 7 — Verticel stocked bond wall continuous vertical joints. One 


with Type S mortar at moment of com- joint opened at a compressive load 
pression test failure of 110 psi and the other at 230 psi, 
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The shortening of the horizontal stacked bond walls under the com- 
pression loading was of the same magnitude as the shortening of the 
running bond walls. The amount of transverse deflection, however, 
was less for the horizontal stacked bond walls than for the running 
bond patterned walls. This was in accord with the results, discussed 
later, that were obtained from the vertical span transverse load tests. 

The vertical stacked bond walls reflected the reduced compressive 
strength of the units when laid on end. Although the walls developed 
about 50 percent of the strength of 
the units, based on tests in the ver- 
tical position, the units themselves 
were only 60 percent as strong 
when tested in this way as when 
tested in the horizontal position. 

The primary failure of the walls 
erected in the vertical stacked bond 
pattern was not a compression fail- 
ure of the webs. After the webs 
split, the face shells buckled and 
collapsed (Fig. 7). The web failure 
started at midheight of the wall 
and spread both upward to the 
top course of units and downward 
to the first course of units before 
the face shells buckled. This failure 
pattern was the same with both 
the Type M and S mortars. The 
wall erected with the Type M mor- 
tar developed about 5 percent more 
of the unit strength than did the 
wall erected with the Type S mor- 
tar. 

The diagonal basket weave pat- 
terned walls showed failures under 
compression loading which were 
more complex than those of the 
other walls. With these walls the 
type of mortar proved to be impor- 
tant. With the Type M mortar the 
wall strength was 46 percent of the 
unit strength (see footnote t, Table 
2), and primary failure was a web 
failure of the units followed by 














Fig. 8— Diagonal basket weave wall 


, ; with Type S mortar after compression 
compression failure and buckling of test failure 
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the face shells. Some secondary shear failure was also observed, al- 
though there was no indication that with this mortar the shear failure 
was involved in the initial failing of the wall. With the Type S mortar 
the wall strength was 32 percent of the unit strength, and the failure 
was due entirely to a shear failure along a diagonal mortar joint and 
through the unit which broke the continuity of the mortar line (Fig. 8). 
With weaker mortars even lower strengths would be expected. 

The results obtained on the diagonal running bond walls were similar 
to those obtained on the diagonal basket weave walls. With these walls, 
though, the primary cause of failure with both types of mortar was a 
shear failure. With the Type M mortar, the units in the walls were 
at stresses close to ultimate because, accompanying the shear failure, 
the webs of the units above the shear line split and the face shells 
failed at least partially in compression. A vertical tension crack also 
developed from the shear line down through at least the next four 
courses at the midwidth of the wall. 

In basket weave patterns A and 
B the walls were erected with a 
combination of horizontally and 
vertically placed units. The ver- 
tically placed units, being weak- 
er, controlled the strength of the 
wall. With both patterns and both 
mortars the vertically placed block 
failed in tension between the face 
shells and the webs, followed by 
buckling of the vertical face shells 
and splitting of the webs of the 
adjacent horizontal units (Fig. 9). 
The two types of basket weave 
patterns built with the Type M 
mortar averaged about 45 percent 
of the calculated unit strength (see 
footnote t, Table 2). The same pat- 
terned walls built with the Type S 
mortar averaged almost 40 percent 
of the calculated unit strength. 
These percentages were about the 
same as those obtained with the 
running bond walls, although with 
the basket weave walls the cal- 


— culated unit strengths were lower 
Fig. 9—Basket weave wall built with 


Type S mortar at moment of com- and the wall strengths were pro- 
pression test failure portionally lower also. 
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The last two wall patterns involved in this series of tests both used 
the nominal 4-in. high unit. The first of these two patterns, the coursed 
ashlar, used alternate courses of 4-in. units and standard 8-in. nominal 
height units. The testing of this wall pattern showed that the weaker 
units, either the 4- or 8-in. units, determined the wall strength, and 
also that when used in combination the weaker units always failed 
by splitting of the webs from the face shells. After the webs failed 
in the weaker units the web failure spread to the stronger units and 
the face shells then buckled and collapsed. With the coursed ashlar 
patterned walls, differences in the two types of mortar appeared to 
have little effect on the compressive strength of the walls. The walls 
using the coursed ashlar bond pattern developed, on the average, slightly 
over 40 percent of the strength of the weaker units whether erected 
with Type M or S mortars. 

Results obtained on the running bond walls erected with the nominal 
4-in. units generally were similar to those obtained on walls erected 
from the nominal 8-in. units. Because the 4-in. units had thinner face 
shells and webs than the 8-in. units it was evident that the tensile 
strength of the concrete was quite important. Units which had com- 
pressive strengths of less than 1250 psi of gross area failed in a wall 
by splitting of the webs from the face shells, and not as a compressive 
failure of the face shells. 


TRANSVERSE LOAD TESTS 


Transverse loads across a vertical span 

In this series all nine wall patterns were tested with both strengths 
of mortar, and results showed that the transverse strength was primarily 
dependent on the bond strength obtained between the mortar and units. 
All data are recorded in Table 3, including the relative strengths of 
the walls compared to the standard running bond. All patterns with 
continuous horizontal mortar joints failed in bond between unit and 
mortar along one of the horizontal mortar joints at approximately mid- 
height of the wall. The diagonal patterns also failed in bond, but the 
failure traversed a saw-tooth line across the width of the wall, following 
the mortar joints. The diagonal patterns developed strengths about 
50 percent higher than those of the running bond, as might be expected 
because of the added bond area and the angular displacement of the 
tensile forces along the mortar lines. 

The horizontal stacked bond walls developed transverse strengths 
which were higher than those obtained for walls erected with the run- 
ning bond pattern. This may be explained as the result of continuity 
of the vertical mortar joints. The tensile strength of the mortar was 
much greater than the bond strength of the mortar to the units, and 
well-filled vertical mortar joints thus effectively increased the flexural 





sieyiow § pue WF add], JIOZJ aseiaay, 


April 1961 


b6 ae & 3 Ss 






L’v6l 9°98T 8zI 08ST 101 
0961 O'€6T ost eT OELT 
0'09T 6éT Pb 69T 801 o's9 aM puoq Zutuuns ‘ul & 
bor Le 
6L £92 Ss 
ve) 
5 £8 £6 gcc 
om | aL feb W iejyse pesinoy 
ie €L Ss 
Va) ZL él 
Z ZL W @ eavam jayseg 
>) 26 Ss 
=f 0006 oor Lil WwW YW aAPaM JaHNsSeg 
WW 
a gc PPI Ss puoq gutuunls 
¥ 0 62> ZLI Ww jeuogzeiq 
Oo Lg 8'S9 ISI CCI Lis s 
VU 09 L9 69L . aAPAM JaHsSeq 
Z 9¢ ¢’69 C Olt Stl 0°68 W jeuoseig 
S Lg bL 962 Ss puoq payorys 
~ Go Lge > 101 9°09 WwW [POTIIA 
uW 0061 eet 8% ‘74 2 62 ogT iat 668 Ss puoq payor}s 
2 @ 161 0'08T Le L’Lt 0' SOF Tel oss W jeyuozZIIOH 
2 ce 
r £°20% 6'66T 001 001 O'EZI es Ltée s 
fu O LEI 0oT 
00T O'9ET (prepuej\s) puog 
ro) 0' £02 b 6bI O'LZI 0'S@b 00T 0°09 W Zuruuni ‘ul g 
aa o-9 ‘Ul g 9-9 “Ul OT . piepueys An isd ¢g . pirepurys iy_bs 
,dSRIIAY oO lad ¢ ‘pero ,OSRIVIAY oO Jad ¢ 
$ 13 bs sad q] ‘juew yusased ” =) spesend . yudosnd inn adAy 
a -0.10JUIaI [BJUOZIIOPH -woa Te I0W usayied Tem 
> pasiosyulaiug PRO] SATSSOIdUIOD ON 
oO yiguaijs asiaAsuei) ueds [eyuozu0O PY 13 bs sad q] ‘yBZuat}s asraAsues} URdS [POTIIDA 


STIVM AYNOSVW JO HLONIULS JSYFASNVUL — € ITVL 


1280 





LOAD TESTS ON MASONRY WALLS 128) 


strength of the walls. This continuity of the vertical mortar joints also 
stiffened the walls in the compressive tests, as shown by the reduced 
transverse deflections of the horizontal stacked bond pattern as com- 
pared with the running bond. The difference between the bond strength 
and tensile strength of the mortars was also demonstrated in the failure 
pattern of most of the walls tested. With the running bond pattern 
made with both the 4 in. and 8 in. high units, and the coursed ashlar 
patterns, the location of horizontal bond failures was between mortar 
and units on the side of the mortar joint opposite a vertical joint. 

For walls with straight horizontal joints, closer spacing of the joints 
developed more uniform bending and higher flexural strengths. Al- 
though there was little difference in the flexural strength of walls 
with joint spacings of 4 or 8 in., there was an appreciable loss in strength 
when joint spacing was increased to 16 in. Combinations of the effects 
of horizontal joint spacing and continuity of vertical mortar joints 
greatly account for the wide range of recorded data. 

For the running bond walls, the values of transverse strength (lb 
per sq ft) recorded in Table 3, are, for the test setup and span used, 
nearly equal to the computed extreme fiber stresses, and hence to the 
bond strength of the mortar (psi). These values indicate that the 
bond strength of the Type M and S mortars were about 56 psi and 
32 psi, respectively. These compare favorably with corresponding bond 
strengths of 58 psi and 26 psi recorded in Table 1 for two-block piers. 


Transverse loads across a horizontal span 


This series of tests included four wall patterns with three mortars 
and with various amounts of reinforcement in the horizontal joints. 
The horizontal stacked bond was chosen as representative of patterns 
depending entirely on mortar bond for transverse strength. Other 
patterns included the diagonal basket weave and the 4 and 8 in. running 
bonds which developed lateral strength through shear strength in the 
joints between interlocking units. The transverse strengths of all walls 
are recorded in Table 3. 

From a comparison of the curves of Fig. 10 and transverse strengths 
recorded in Table 3, it is evident that of the unreinforced walls, those 
with the running bond pattern were much stronger than the others, 
and that the unreinforced running bond walls built with the two mortars 
showed little difference in transverse load resistance across the hori- 
zontal span. The transverse strength of the horizontal stacked bond 
and diagonal basket weave patterns were about 30 and 60 percent of 
the standard, respectively. The running bond wall with 4-in. units was 
about 30 percent stronger than the standard wall with 8-in. units. 

The addition of reinforcement steel in the 8 in. running bond walls, 
either in every course or in every other course, had little effect on 
the stiffness, or transverse deflections, for loads up to about 80 lb per 
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Transverse Deflection (in) 


Fig. 10—Horizontal span transverse load test deflection (at midspan), no hori- 
zontal steel 


sq ft. Reinforcement in every other course (16 in. c-c) showed only 
a minor effect on the ultimate strength as compared to that of the 
unreinforced walls, but reinforcement in every course increased the 
ultimate strength by 55 to 70 percent. All walls failed with a straight 
vertical crack passing alternately through the joints and the block 
near the center of the span. 

The unreinforced horizontal stacked bond walls were the weakest 
walls tested with the lateral load applied across the horizontal span. 
The strength of the walls was a little less than 50 lb per sq ft when 
built using Type M mortar, and was about 30 lb per sq ft with the 
Type S mortars. However, with reinforcing steel in every other course, 
the transverse strength was increased to about 130 lb per sq ft (Fig. 11) 
which was equal to 87 percent of the strength of the running bond 
walls with the same amount of reinforcing steel. With horizontal steel 
in every course, or 8 in. on center, the strength of the stacked bond 
pattern was 94 percent of the strength of the running bond walls with 
the same amount of steel. These figures are true only of the ultimate 
loads, which were primarily a direct function of the area of reinforcing 
steel in the walls. The reinforcing steel did little to increase the load 
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Fig. |1|—Horizontal span transverse load test deflection (at midspan), horizontal 
stacked bond pattern, Type S mortar 


at which the first cracking appeared when using the Type M mortar, 
but with the Type S mortar the first cracks appeared in the unrein- 
forced walls at about 40 percent lower loads than for the reinforced 
walls built with this mortar. In all of the stacked bond patterned walls, 
failure was always in bond between the mortar and the units, with 
the steel failing at the same location. 

The running bond walls built with the nominal 4-in. units proved 
to be the strongest unreinforced wall pattern in the transverse load 
tests, with strengths about 30 percent greater than those of running 
bond walls built with the nominal 8 in. high units. This increased 
strength was also observed when horizontal reinforcing steel was placed 
16 in. c-c with both mortars, and averaged about 20 percent higher 
than for the similarly reinforced running bond walls built with the 
8 in. high units. When the horizontal reinforcing steel was placed 8 in. 
c-c the walls had the same ultimate strength as the running bond walls 
built with the 8 in. high units and the same amount of reinforcement. 


Transverse loads across a vertical span 
with a superimposed compression load on wall 


Six walls that had been tested across the vertical span with transverse 
loads, after being repaired by a polyester resin adhesive, were retested 
with transverse loads across the vertical span as before, but with an 
85 psi compressive load applied centrally along the top of the walls. 
This was done to check the effect of the compressive load on the 
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TABLE 4— SUMMARY OF RESULTS 


Transverse strength, lb per sq ft 


| Compressive | Horizontal span 
Wall pattern strength,* 
psi Vertical span Reinforced horizontally 


| Unreinforced 
Spaced 16 in. c-c| Spaced 8 in. c-c 


Mortar type| M s | ms M S M Ss M Ss 
Running bond | 640 550 60 35 130 125 150 150 205 200 
Horizontal 

stacked bond | 645 580 85 40 50 30 130 130 190 190 
| } | } 
Vertical 
stacked bond | 440 480 60 25 
Diagonal | 
basket weave | 510 365 90 50 75 65 
| } 
Diagonal } 
running bond | 475 430 105 50 
| 
Basket weave A| 560 340 70 ~=30 
Basket weave B| 435 500 45 25 
Coursed ashlar | 570 570 50 30 
4 in. run- 
ning bond | 670 630 65 30 170 160 175 185 | 195 195 
Average 550 495 | 70 35 105 95 150 155 195 195 


*Compression results adjusted to 1400 psi unit in wall. 


transverse load resistance of the walls. A uniform compressive load 
of 85 psi on a wall will produce a compressive force on the face shell 
mortar joints equal to 260 psi. By the standard flexural formula, this 
compressive force plus the bond strength of the mortar joint (both 
in psi) should be equal to a factor of 1.02 times the uniform transverse 
load on these walls (lb per sq ft) across a 742-ft span. The tensile 
bond strength averaged about 60 psi. The transverse loads at first 
observed cracking ranged from 289 to 336 lb per sq ft for the six walls 
tested. The test results agreed well with the calculations for all six 
walls tested. After first cracking the wall continued to carry increasing 
loads until the transverse load had caused the wall to bend so far that 
the compressive load could no longer be sustained and the walls col- 
lapsed. The ultimate loads, as given in Table 3, ranged from 357 lb per 
sq ft for the vertical stacked bond patterned wall to 427 lb per sq ft 
for the diagonal running bond patterned wall. 


SUMMARY 


Compressive strength 

The compressive strength of walls in which all block are laid in a 
horizontal position is about one-third greater than that of walls con- 
taining similar block in diagonal or vertical positions. However, the 
weakest wall in this series had a safety factor of 4.2, based on an 
allowable wall load of 85 psi, so it appears that any of the patterns 
tested would be satisfactory for load-bearing walls. 
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The compressive strength of a wall depends primarily on the strength 
of the block and is little affected by the strength of the mortar, with 
the possible exception of walls with diagonal patterns which may fail 
in shear along the diagonals if built with weak mortar. 


Flexural strength—Vertical span 


Failure of all walls tested for flexural strength over a vertical span 
was in the bond of the mortar to the block. Walls constructed with 
Type M and Type S mortars showed mortar bond strengths of 60 and 
30 psi, respectively, which agreed well with tests of two-block piers. 
The diagonal patterns were about 50 percent stronger than the standard 
running bond, due to the longer saw-tooth line of failure. For other 
patterns, continuous vertical mortar joints appeared to strengthen the 
walls, and patterns with wider horizontal joint spacing, as with vertical 
block, appeared to weaken the walls. Due to combinations of these 
effects flexural strengths varied from 72 to 130 percent of the standard 
running bond. 


Flexural strength—Horizontal span 


The block pattern exhibited a marked effect on the flexural strength 
of walls tested over a horizontal span. Running bond patterns were 
considerably stronger than the others, due to the interlocking action 
of the units, and the running bond walls with 4 in. high units were 
about 30 percent stronger than those with 8 in. high units. With the 
running bond patterns the flexural strengths were affected only slightly 
by differences in the two mortars. Walls with continuous vertical joints, 
depending entirely on mortar bond for transverse strength, were about 
30 percent as strong as the standard running bond. 

The particular joint reinforcement used did not materially increase 
the load at first cracking, but it was effective in increasing the ultimate 
strength of the walls. Joint reinforcement was particularly beneficial 
in walls with continuous vertical joints. 


Combined load tests 


The addition of a vertical compressive load to the walls tested in 
flexure across a vertical span proved to be an «ffective method of in- 
creasing the flexural strength. These tests showed that the utilization 
of the wall’s load carrying capacity was one way of increasing the 
stability of the wall to transverse loads. 


Effect of mortar type 


The compressive strength of masonry walls laid up with Type M 
mortar was only 10 percent greater than that of walls with Type S 
mortar, showing that the type of mortar (M or S) is relatively unim- 
portant with respect to compressive strength of walls. The horizontal 
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span flexure tests with both reinforced and unreinforced walls, with 
the exception of the stacked bond pattern, also showed little if any 
difference due to mortar type. The flexural strength of the stacked 
bond pattern over a horizontal span without horizontal reinforcement 
was entirely dependent on the bond strength of the mortar; and walls 
with Type M mortar were considerably stronger than those with Type S 
mortar. Likewise, in the vertical span flexure test, the walls with 
Type M mortar were twice as strong as those with Type S mortar, 
reflecting the higher bond strength of this Type M mortar. 
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Title No. 57-55 


Water-Cement Ratio Versus 
Strength—Another Look 


By HERBERT ]. GILKEY 


The water-cement ratio (W/C) pronouncement probably marked the 
most useful and significant advance in the history of concrete technology. 

From the beginning, however, there have been dissenters who in their 
tests or research have happened to touch areas of unusual gradings or areas 
that entailed comparisons between mortars and concretes or between neat 
cement pastes and sand-cement mortars. 

Besides the actual dissenters there have been thoughtful operators in the 
area of large-aggregate concrete, used regularly in dams, who, recognizing 
the lack of information on possible effects of large aggregates and/or 
large specimens on strength lav serious doubts as to whether or not the 
mass concrete in the structure would develop the strength that the W/C 
relationship has allocated to it. 

With current attention being redirected toward possible limitations in 
the W/C generalization, now may be the time to exhume and pull together 
scattered pertinent evidence that has, bit-by-bit over the years been pre- 
sented, and forthwith become buried in the voluminous literature of con- 
crete. The aim is not to discredit the water-cement ratio as a useful em- 
piricism but rather to focus attention on both its range of applicability and 
on its limitations. 

The paper calls attention to, and discusses briefly, a number of the pub- 
lished allegations of invalidity, indicating some of the pros and cons brought 
out in discussions thereof. As support for tentative explanations, pertinent 
stress-strain and water-gain data are presented. Finally a modified, duly 
restricted and qualified version of a W/C versus strength relationship is 
proposed. 


@ THE WATER-CEMENT RATIO (or voids-cement ratio—essentially identi- 
cal) versus strength relationship had been recognized for mortars by 
the French investigator Feret 20 years or more prior to the Abrams 
pronouncement and apparently there were other independent discov- 
eries. Its active promotion and growing importance in concrete tech- 
nology, however, both in this country and abroad, date from the work 
of Abrams,' probably the best known and most influential publication 
in the history of concrete. It was Abrams who performed and published 
extensive background tests and formulated statements that have for 
many concrete practitioners, elevated the ratio of water to cement, or 
cement to water, to the near-sacred status of “the law of proportioning 
for concrete.” For all investigators the role accorded to the aggregate 
was that of inert filler; a diluent that decreased the cement requirement. 
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The importance of the W/C concept cannot be overrated despite the 
fact that the pronouncement seems definitely to have constituted an 
unfortunate overstatement. Because of the unquestioning near-universal 
acceptance of the pronouncement in its unqualified entirety, doors-of- 
doubt that should have been left ajar were closed. Aspects that should, 
during the elapsed years, have been receiving critical scrutiny were 
accepted as being not pertinent, i.e., finished business. The major con- 
tribution of the W/C concept was as the term implies, the focusing of 
attention on the importance of the ratio of the mixing water to the 
cement. The luster of that contribution stands undimmed. The weak- 
ness, the disservice to tne cause of concrete lies, not in what the pro- 
nouncement as made included, but rather in what it excluded on the 
basis of assumed nonrelevance. 


Abram’s initial statement appears in his discussion of Fig. 1, Refe- 
rence 1 (italics are the writer’s). 


. it is seen at once that the size and grading of the aggregate and the 
quantity of cement are no longer of any importance except insofar as these 
factors influence the quantity of water required to produce a workable mix. 
This gives us an entirely new conception of the function of the constituent 
materials entering into a concrete mix and is the most basic principle which 
has been brought out in our studies of concrete.” 


For 42 years this assertion has survived without change although not 
without challenge. The following equivalent wording approximates the 
usual statement of what is often referred to as “the water-cement ratio 
law.” 


“For a given cement and conventional aggregates in workable mixtures, 
under similar conditions of placement, curing and test, the strength of con- 
crete is solely a function of the ratio of cement to the free water in the 
plastic mixture.” 


In the two foregoing formulations it is understood that Abrams (and 
we) are thinking and speaking only in terms of workable mixtures from 
a given cement and approved aggregates (inert, sound, compact, and 
adequately strong). Moreover, it is recognized that the size and grading 
of the aggregates are important from the standpoint of economy—the 
relative paste requirement for suitable workability. “Free water in the 
plastic mixture” alludes to the nonabsorbed water present at initial 
set or stiffening. 
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Fig. |—Water-cement ratio 


















z 
versus strengths; Abrams in- «4 °°” 7 = | 
*,* ” | 
itial curve (Reference |, r00e 
ro LEGEND 
p- 3) a 6000 « 1-15 mix 
o ; 
~  s000 ¢ 
c ; 
- 4000 sas 
oO © 
z > 
& 3000 
- 
” 
2000 
ae 
> 
HA woo 
w” 
ae 
a ° , 
> o 0.5 ° .s 2.0 25 3.0 3.5 40 
°o 
Vv 


WATER-RATIO TO VOLUME OF CEMENT, W/C ©X 


The two statements exclude the following as being nonrelevant vari- 
ables without influence on the strength of the resulting concrete: 


(a) Shape, size, stiffness, and surface texture of aggregate particles 
(b) Grading of the aggregate providing it is not such as to make the 
mixture unworkable 


(c) Amount of aggregate; the ratio of aggregate to cement (within the 
range of workability) 


(d) Size of standard cylinder in which the concrete is tested* 


Recent extensive researches by Walker and Bloem*'® definitely con- 
stitute a rediscovery in support of many previously published and 
near-forgotten allegations that the aggregate (preceding items a, b, 
and c) must also be recognized as on a par with the W/C in the extent 
of its influence on the strength of a concrete mixture. In other words 
several of the items in the following statement, (in direct conflict with 


the W/C pronouncement) seem now about to be accorded the status 
of proved fact: 


“At equal values of water-cement ratio the strengths of workable con- 
crete mixtures, fabricated, cured, and tested under similar conditions (in 
equal-size cylinders of appropriate diameter), may be influenced greatly 
by such factors as: The grading and relative amounts of the aggregates 
and by the shape, surface texture, stiffness and maximum size of aggregate 
particles.” 


The prestige and scope of the Walker-Bloem evidence establishes it as 
probably for many, the most significant challenge with which the 
longstanding W/C phraseology has been confronted. Convincingly it re- 


*The W/C background tests were all on 6 x 12-in. cylinders and the generalization takes 
no account of the possibility that identical mixtures tested in 2 x 4-in., 3 x 6-in., 6 x 12-in 
etc., cylinders might have shown different strengths per se. (This presupposes that the maxi- 
mum diameter of aggregate particle for mixtures so compared would not exceed the stipulated 
one-fourth, or at most one-third, of the diameter of the smallest cylinder employed in the 
comparison). As will be pointed out subsequently?-? possible size-of-cylinder effect is a moot 
point and difficult to determine experimentally. The author is convinced that size-of-cylinder 
effect is (if properly isolated trom other near-inseparable effects) virtually, if not entirely, 
nonexistent but until this is proved or disproved size-of-cylinder effect must also be included 


as one of the potential unevaluated variables for which the Abram’s W/C pronouncement 
makes no allowance 
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focuses questioning attention on some of the presumably-settled aspects 
of concrete. 


BACKGROUND 


Initially the concept of concrete was (as it has always been for the 
various kinds of mortars) that of an active constituent, the cement, 
diluted, for the sake of economy, with an inert, inexpensive filler-type 
material. It was early recognized that the strength was reduced as the 
proportions of the diluent was increased and proportions were regularly 
designated in terms of the ratio of cement to aggregate. Water was an 
incidental constituent, to be added in whatever amount produced the 
desired fluidity or workability (Reference 11, pp. 575, 577). 

Eventually it was recognized that as the aggregate was increased 
the water necessary to produce suitable workability had to be increased 
and that a designated ratio of water to cement (with aggregate being 
added by trial to produce the workability desired) gave a more sensi- 
tive and uniform basis for estimating and controlling strengths than 
did a specified ratio of aggregate to cement. Better control and repro- 
ducibility were attained by interchanging the longstanding roles of the 
aggregate and the water. The amount of the mixing water could be 
more easily and accurately controlled than could the amount of the 
aggregate. The basis of concrete control was thereby reversed, W/C 
becoming the measured relationship and the aggregate-cement ratio 
the incidental or trial factor. The W/C pronouncement was the sequel 
to this recognition. 

Doubtless entirely unrecognized at the time was the fact that what 
was hailed and believed to be a revolutionary change in basic concrete 
technology was actually nothing more than an operational improvement; 
a manipulatory refinement in technique. 

Elementary though the changeover actually was, it constituted a 
marked advance in the interest of simplification and control. 

The W/C approach and the positive pronouncement based thereon, 
preserved in its entirety, however, the inert-filler concept of the func- 
tion of the aggregate and this has been unfortunate because of the 
resultant conclusion that, as previously stated, so far as strength is 
concerned, problems of aggregate (amount, grading, surface texture, 
stiffness, and size) do not exist. 

There can be little question that the premature writing-off of the 
aggregate as a potentially significant variable of concrete strength 
contributed substantially to the longevity of at least two fallacies in 
our concrete thinking: 

1. Disregard of the bond between the cement paste and the aggregate 
particles as a vital factor in its influence on strength 


2. A failure to recognize the potency of the stress-raiser effect of hetero- 
geneity in the transmission of stress through concrete 
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Fig. 2—Broken 6 x 12-in. “> 
cylinders; aggregate clings (Seam 
to upper half of cylinders as Se 
cast—water-gain effect 


(Reference 15, p. 243) 





The initial or primary failure in concrete may occur within the 
aggregate, within the paste or as a slippage or severance at the junction 
of the two. A concrete composed of inert particles embedded in a matrix 
to which the particles were unbonded would obviously be much weaker 
than if the two are bonded. 

The amount of bond developed by a given particle is proportional 
to the area in contact with the paste. If the particle is broken into 
particles averaging half the diameter of the initial particle, the super- 
ficial surface available for bond is twice as great as it was, i.e., the 
surface-volume ratio or specific surface, has been doubled. This is one 
reason why mortars are stronger than their concretes (which fact, 
although inconsistent with the W/C pronouncement, has been demon- 
strated repeatedly). 

There is evidence that usually, perhaps always, the bond for normal 
concrete is the weakest of the three (aggregate, paste, and junction) 
and that the insipient or initial failure is a slippage or separation 
between particle and paste. The increasing strength of cement-aggregate 
mixtures as the particles become smaller (specific surface greater) 
has been demonstrated down to mixtures composed of small-diameter 
particles.'*"4 

A failure to recognize the weakening, stress-raiser effect of non- 
homogeneity in a brittle material was more excusable in 1918 than 
it is today, for localized stress effects were less in the general con- 
sciousness then than now. 

In the field of metals the importance of the stress concentrations 
produced by heterogeneity and nonisotropic structure has long been 
recognized—how the discontinuities serve as focal centers where in- 
sipient or initial (primary) failures develop. The same is true for 
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Fig. 3—A constant mortar compared with three concretes of equal coarse aggre- 
gate contents but having different coarse aggregate gradings (Reference 26, 


p. 31) 


all brittle (and many nonbrittle) materials. Consider, for example, 
coarse-grained gray cast iron versus fine-grained pearlitic or sorbitic 
steel; the coarse texture of a granite, a conglomerate or a porphory 
versus the fine texture of a basalt. Even for timber, knots, shake, and 
grain exercise a dominant influence on the load at which failure 
develops. 

Within any nonhomogeneous mass there are innumerable eddy cur- 
rents of stress concentration from wedging, localized slippage and dif- 
ferential strains. Since concrete is nonisotropic we recognize broken 
or weakened bonds at junctions between paste and aggregate particles 
and horizontal planes of varying strength from water-gain effects.’ 
The relative extent and importance of these factors are influenced 
greatly by the size, shape, grading, surface textures, and relative stiff- 
ness of the aggregate particles. 

The water-gain effect is strikingly apparent in Fig. 2. The influence 
of the presence or absence of a coarse aggregate and of the relative 
maximum sizes of coarse aggregate particles (the grading) is evident 
in Fig. 3. Fig. 4, 5, and 6 illustrate the influence of the maximum size 
(and/or amount) of aggregate on the stress-strain relationship. 

The foregoing figures supply from three independent approaches, 
(water-gain, ultimate strength, and stress-strain behavior) , experimental 
verification that the characteristics of the aggregate are not negligible 
as pertinent variables in concrete. 

We must keep in mind that all these variations are present for ap- 
proved aggregates and plastic workable mixtures. No matter how fat 
and workable the plastic mixture may be the aggregate particles still 
occur in the hardened concrete as wedging, stress-raising discontinuities 
that have to transmit loads from particle to particle or from matrix to 
particle to matrix. The carried-over inert-filler concept of the aggre- 
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gate function constitutes an over-simplification that disregards several 
complicating realities. 

As long as concrete thought continues to accept as axiomatically true 
the inert-filler concept, an understanding of much that needs to be 
recognized and learned about concrete is not possible. 


EXTENUATION 


Once the fallacy is recognized and conceded, the question arises: 
“How in a field as active as that of concrete could an erroneous concept 
of such magnitude survive for so long?” 

This anomalous situation could have developed, and continued to 
exist only through a rather strange combination of circumstances, some 
of which may be enumerated as follows: 


1. The pronouncement and the data presented in its support came from 
the highest of recognized sources; the evidence seemed to have covered 
the entire range of pertinent background mixtures; and the data presented 
were remarkably consistent. 

2. The inert-filler concept was logical and acceptable to most; incongruous 
to few. It was not in conflict with the established thinking of that era for 
that area. 


3. All the tests were on 6 x 12-in. cylinders and the maximum size of 
aggregate particle could not properly exceed 1.5 in. This excluded any 
mixtures having aggregates 2 in. and upwards. On the other hand small- 
aggregate concretes and mortars are usually of little practical interest and 
most of the initial Abrams mixtures and practically all of the millions of 
corroborative tests of both a control and research nature were in what might 
be termed the structural concrete area—graded coarse aggregates ranging 
from No. 4 to 1.5 in. The aggregate in both grading and amount was prac- 
tically constant. W/C was virtually the sole variable; under these condi- 
tions the strength is a function of W/C. With the exception of two or three 
research ventures (extremely difficult to control and evaluate)? the test- 
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stress-strain diagrams (Reference 25, p. 325) 
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ing of the types of mixtures used in dams and other massive work has 
been on 6 x 12-in. specimens with the oversize aggregate screened out or 
picked out by hand.? Thus the validity of the W/C concept has been as- 
sumed without any conclusive evidence for mixtures containing aggregate 
larger than that common to the structural range of practice. 

4. Trying to secure mixtures of uniform workability and repeatable pro- 
portions and strengths had proved to be almost impossible and concrete 
practice was in dire need of a dependable simplified technique of design. 
The water-cement ratio with its apparent validity and great simplicity 
was most welcome and the concrete world was conditioned for its ready 
acceptance and adoption. 

5. Of the greatest practical importance of all, possibly, was the fact that 
the organization under whose sponsorship this startling innovation was 
achieved, was also vitally interested and was able to promote the theory 
and its applications with virtually unlimited resources and talent. 
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Fig. 5—Drilled cores from a dam compared on basis of percentage stress-strain 
diagrams; mortar, nominal concrete (about 1.5 in. maximum aggregate), and 
large-aggregate concrete (Curves C and D contained portions of plum inclusions) 


(Reference 26, p. 32) 
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Fig. 6&—Comparisons of neat cement mortars with sand-cement mortars that vary 
from rich to lean on basis of percentage siress-strain diagrams (Reference 25, 


p. 322) 


With such an accumulation of favorable factors, including great 
masses of seemingly valid experimental verification, it is no wonder 
that the concept “took” and that practically all of the leading workers 
and authorities in the field of concrete were convinced that here, in 
one simple pronouncement, was the cure for much of what had been 
troublesome about concrete. 

True, there were from the beginning the inevitable few disbelievers— 
the agnostics. Invariably these were from among the fringe of persons 
who in the course of their researches or experience had by intent or 
inadvertence tapped other areas of aggregate size, grading, etc., and 
whose findings were not in agreement with those so consistently shown 
in Fig. 1. 

Some of these discordant data were from individuals or laboratories 
not heretofore well known in concrete and since concrete experimenta- 
tion is exacting and rather involved, the apparent queerness of results 
could be readily explained or discounted as being probably due to 
unworkability, leakage from the mold during the interval between 
placement and initial set, or absorption of moisture by the aggregate. 
There was usually a presumption that the cause was due to oversight 
or lack of control stemming from inexperience or ineptitude. 

Since the earliest years of the W/C era the author has been a spec- 
tator and participant as one convinced that the generalization is too 
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sweeping. His contributions have at various times been accorded each 
of the several treatments mentioned. Never, however, has he had 
reason to believe or suspect that the counter contentions of the W/C 
adherents were inspired by any intentional desire or effort to distort 
the facts or to shade their interpretation. There has been no question 
that the believers are just as sincerely convinced of the validity of 
their dogma as the author continues to be of the need for qualifying 
the pronouncement. 

In other words it is but fair and correct to reiterate that this alleged 
fallacy of more than 40 years standing must be accepted as a sincere 
conscientious sequel to a strange combination of background circum- 
stances, the major one being the unquestioning acceptance of the inert- 
filler concept. 

Only recently have the extensive tests of Walker and Bloem,* 
seemed to have produced evidence that can no longer be talked or 
rationalized out of consideration. Illustrative of the completeness of 
a library burial, these two recognized investigators had initially thought 
of the recent totally unexpected indications as a new discovery rather 
than as the rediscovery which, subsequently, they were not hesitant 
to recognize and admit it to be. 

In spite of its relative paucity, the literature of dissent is itself of 
sizable volume and the forthcoming review necessarily is spotty, 
sketchy, and assertive. Excerpts are cited only for items that are 
deemed especially pertinent and which might in their initial publica- 
tions, be somewhat less available than, for example, material of the 
ACI or ASTM proceedings. The cross-references and lists of literature 
cited in the various items should suffice to reopen the subject more 
completely for one desirous of rounding out the coverage.* 


BACKGROUND OF THE AUTHOR'S DISSENT 


The author’s first active contact with the problem came at the Uni- 
versity of Illinois in 1923 as the by-product of a graduate thesis'® under 
the immediate direction of Talbot and Richart. The project was con- 
ducted jointly with the engineering experiment station, being an investi- 
gation of 31 coarse aggregates. About ten of these were conventional 
crushed stones, crushed slags and gravels; several were semiconven- 
tional including Haydite and cinders. Others were crushed bricks of 
varying hardness and absorptivity, including hardburned tile. About 
ten of the aggregates were freaks, including coke, cork, wood blocks, 
charcoal, broken-up stove iron, iron balls (1.50 and 1.87 in. in diameter), 
fence staples, fragments of % in. plate glass, and a thinner Florentine 
reference picture. ‘his is not to imply that he considers his contributions to have been mene 
significant than those of others of the dissenters. He has, however, lived with the subject 


more intensively than have most. Moreover one’s own efforts are inevitably more in the 
immediate consciousness 
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glass. The objective was to secure evidence on what might be expected 
when aggregates that violated the generally-recognized characteristics 
of acceptable aggregates (chemically inert, reasonably free of flat or 
elongated particles, nominal surface textures, and at least as strong 
as the mortar) were used, all in the same solid-volume amounts (0.40), 
in the same cement-sand-water mortar matrix. Grading varied widely 
but all fragments except the 1.87 in. diameter iron balls lay between 
the No. 4 and 1.5 in. sieve sizes. 

Because of the great range in rate and amount of absorptivities, the 
6 x 12-in. specimens were cast with the coarse aggregates in three 
different states: dry, saturated, and after 15 min of soaking, equal solid 
(absolute) volume proportions being used throughout. The significant 
(comparable) specimens were those in which the coarse aggregate 
entered the mixture, saturated and drained (approximating the con- 
dition recognized currently as saturated surface-dry). Specimens were 
fabricated singly, each one-cylinder batch being weighed out and mixed 
separately. Tests were in the usual 28-day standard-cured condition 
and stress-strain data were secured semiautographically from each 
specimen without interrupting the continuous application of load. 

Since all specimens were to have an identical mortar, (sand-cement 
ratio 3.2 solid volume—1:2.64 by weight—1:2.22 bulk volume) and a 
W/C of 0.71 (5.3 gal. per sack), it seemed logical that the constant 
mortar should be made to serve as the norm with which the strengths 
of all the concretes would be compared. At intervals, therefore, there 
was mixed one batch of the mortar from which were cast one 6 x 12-in. 
and two 2 x 4-in. specimens—stored identically and tested at the same 
28-day age. The project included 361 concrete specimens, 113 6 x 12-in. 
mortar specimens and 224 of the 2 x 4 in. companion mortar specimens. 


In addition to the foregoing, two complete water-cement ratio versus 
strength series of the 6 x 12 in. mortar specimens were cast, ranging 
from the unworkably dry to the overly wet mixtures. 

Much to the surprise of all, the mortar specimens consistently gave 
strengths that were from 15 to 25 percent in excess of those from the 
orthodox-aggregate concrete specimens containing the same mortar. 
Moreover, the W/C versus strength curves were correspondingly higher 
than the locus for the normal concretes having the identical W/C. 

Obviously this was a jolt and during the next several years this 
inadvertent discovery that the strength of a mortar is in excess of that 
of its concrete was a focal point for attention in connection with much 
reconnaissance testing by the author at the University of Colorado. 
The findings were consistently the same. 

Eventually in 1927 many of these findings were recorded in the 
author’s second paper before the ACI."7 As flagrant heresay this at- 
tracted attention, gaining some support; and also drawing fire. Much 
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of the ensuing interchange is as timely today as it was 34 years ago. 
For anyone interested in reviewing W/C thought and counter-thought 


this 1927 paper and the accompanying pro and con discussion are 
commended. 


OTHER EARLY OBSERVATIONS OF RECORD 


Hutchinson!* as one of his conclusions (2a, p. 155) states: “The com- 
pressive strength and the resistance to impact of concrete are increased 
as the size of coarse aggregate is decreased ....” Walker, in discussing 
the paper (p. 177) applied the fineness-modulus criterion and rational- 
izes on the basis of probable coarseness with resulting weakness from 
nonworkability to which the author replied that there was no detectable 
lack of workability. He added that the results secured from drilled 
cores from many miles of pavement indicated decisively that whenever, 
from incidental segregation, the aggregate in the core was on the small 
side, the strength was noticeably and consistently higher. In the same 
discussion, Richart (p. 177) mentions “recent results” (comparable to 
those of the modern Walker-Bloem*”’ rediscoveries) , in which aggregate 
graded No. 4 to % in. unexpectedly gave high strength and that from 
%4 to 2 in. unexpectedly gave low strength. Slater (p. 178) reported a 
similar finding which proved “puzzling” until rationalization was ac- 
complished via fineness modulus, et al. 

From supplementary researches while serving as concrete technician 
on the Bull Run Dam near Portland, Ore., Powers'* became convinced 
that W/C versus strength is only part of the story. Lyse, in discussion 
of the paper, succeeded in getting all the straying points of Fig. 1, p. 422, 
back on the curve “where they belonged.” There is too much about 
these tests that is not known for certain to attempt a final appraisal 
but as indicated in the closure, Powers seemed convinced that his 
subsequent experimentation reinforced the initial indications. 


Reference 12 provides evidence of extreme fluctuations within the 
“water-cement ratio law.” Note especially the great range of strength 
ratios (Table 2 Column 6, p. 627), and the summary (pp. 633-634). As 
evidence of how far the W/C can come from being applicable, Reference 
12 falls in the same category as References 13 and 14. 


Collier® directs attention to practical inconsistencies in the W/C 
relationship. The tests were not under complete control and certain 
weaknesses are brought out in the discussion. In the Gilkey discussion 
(Table 1, p. 747) it is noted that the data from McMillan*! do not agree 
with Abrams (Reference 1, Fig. 1), that neat cement paste fits the 
W/C versus strength relationship right along with all the others of 
the eight mixtures shown in Fig. 1. That the W/C versus strength 
curve for neat cement mixtures lies above those for sand-cement and 
for concrete is also in accord with the author’s observations (Fig. 7). 
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Fig. 7—Water-cement ratio curves; approximate extreme workable ranges for a 
few mixtures of different proportions and/or coarse aggregate gradings 


The strength of a fairly rich mortar (say 1:2) is about 1.3 times the 
strength of its normal concrete (say 1:2:3.5) and the strength of a 
neat cement paste is about 50 percent greater than that of the corre- 
sponding concrete (assuming that the W/C curve for concrete could 
be extrapolated to produce a workable comparable mixture). In other 
words W/C versus strength curves for mortars and neat cements can 
be expected to lie about 30 and 50 percent higher, respectively, than 
does the W/C curve for an average structural concrete. 

For the Abrams’ plotted data (Reference 1, Fig. 1) of the mortars and 
neat pastes all line up with the concretes on the one basic curve. On 
that curve the mean strength for the neat cement paste was about 
7500 psi at a W/C of about 0.40 or 3.0 gal. per sack. In compiling labora- 
tory data for the set of curves which McMillan’ shows as Fig. 4, the 
fact that pastes overshot the equation S = 14,000/7x was evidently rec- 
ognized and at a W/C of 3 gal. per sack the strength is shown as 10,000 
psi, about 50 percent above where the Abrams’ equation would have 
placed it.* 

*Fig. 4 is itself queer however. The nonconforming lefthand portions of the curves descend 
smoothly to the right joining the conventional Abrams curve at about 5 gal. per sack. 

Strangely, Reference 21, Fig. 4, shows actual plotted points presumably indicating that these 
pastes that extend 10.75 gal. per sack. This presents an facongruous situation eince even at 
less than 5 gal. per sack, a neat cement paste, takes on a consistency comparable to that of 


cream. While Fig. 4 does definitely correct a discrepancy in the Abrams relationship, a non- 
experimental generalization seems to have been misplotted and somewhat overextended 
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A primary conclusion from the evidence resurrected in this paper 
is that the W/C relationship is really a whole family of relationships— 
more or less parallel to one another. Each type of mixture not only 
has its own series of water-cement ratio curves but it has its own 
limited workability range. Fig. 7 is based in part on the mixtures of 
Reference 14, being simply a generalized but representative approxi- 
mation. It illustrates reasonable values for relative strengths of different 
types of mixtures and indicates the extreme ranges of workability (too 
dry and stiff at the left; too fluid at the right). It also illustrates the 
limited area embraced by the structural type of mixture which supplies 
virtually the sum total of background evidence on the Abrams’ version 
of W/C versus strength. Percentage comparisons of relative strengths 
may be best noted along the ordinate that corresponds to the driest 
workable cement-water mixture (about 2 gal. per sack). The leaner, 
larger-aggregate types of concrete—the mass concrete area— would 
presumably fall below in the general vicinity of the bottom (dashed) 
curve. 

Weymouth” placed great empha- 
sis on a rather elaborate and highly 
conservative grading technique. 
Gradings meeting the Weymouth 
criteria were invariably oversand- 
ed as compared with our usually- 
acceptable mixtures. Powers, in 
discussing this paper (p. 378), 
writes: “It should be noted that 
Mr. Weymouth’s work does not 
deal with the relation between wa- 
ter ratio or voids ratio and strength; 
it deals with factors of mix com- 
position which control the water 
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out many points that bear heavily on effects of grading and also on 
some of the reasons for differences in strength, permeability, and other 
properties at a constant W/C. 

In Abrams’ discussion (Reference 22, p. 384) is a statement “. . . so 
long as we use workable mixes and unless we go too far afield in 
aggregate grading we find that strength is a function of water-cement 
ratio . . .” (Italics are the author’s). 

Here, for the first (and only) time within the author’s awareness 
Abrams states that the “relationship” has limitations within the “law.” 
“Too far afield” is admittedly vague and general but it is definitely 
a concession that opens the way for the W/C relationship to assume 
its correct role as one of ‘several factors that exercise an important 
influence on the strength of a workable portland cement concrete, 
paste, or mortar. 

This qualification, entered the literature more than 22 years ago. 
Yet it has been so thoroughly buried that Walker,*® was surprised 
by the 1956 revelation that the grading of the aggregate can (and does) 
exercise a significant influence on strength. 


OTHER EVIDENCE 


The W/C versus strength aspect is a by-product of the ASTM Com- 
mittee Cl’s subcommittee report of 1938.'*'* But for the author’s rec- 
ognition of its great significance (as regards W/C), its contribution 
to the evidence on size-of-aggregate effect (extending even into the 
small-particle fine-aggregate range) would probably have remained 
unnoticed. Since the ASTM Bulletin is likely to be less readily avail- 
able than the Proceedings of ASTM, this reference is reviewed in some 
detail. 

In an ASTM Committee Cl search for a standard mortar that could 
serve as a basis for comparing the concrete-making characteristics of 
different portland cements, 14 laboratories conducted identical test 
programs on three mixtures. They were all mortars but two of them, 
the B and P mixtures resembled “baby” concretes. Both had fine 
aggregates (Ottawa banding sand and finely ground Potter’s flint, re- 
spectively) and % to %% in. pebbles for the “coarse” aggregates. The 
third mixture (C 109, evolved some years previously) used a specially 
graded sand (fineness modulus 1.72) and none of the “pebble” coarse 
aggregate. All three mixtures had identical water-cement ratios of 0.80 
and the best of plasticity. Quotations are from the initial subcommittee 
report’*® and from the discussion.” 

From the committee report (Reference 13, p. 269) . . . “the strengths 
of the pebble mortars are decidedly higher than the strengths of the 
C mortar, the average of the pebble mortar strengths being 62 percent 
higher than those of the C mortar at 1 day, 53 percent at 3 days, 52 
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Fig. 9—Water-cement ratio versus strength compared on basis of percentage 
stress-strain diagrams (at right); mortar 1|:2.6 by weight, 6 x 12-in. cylinders; 
age 28 days (Reference 25, p. 321) 


percent at 7 days, 47 percent at 28 days, and 53.5 percent average for 
the four periods. These results are quite unusual since the cement- 
water ratios used were identical. It is not the purpose of this investi- 
gation to attempt to explain these differences in strength. .. . In this 
connection laboratory No. 4 made tests using materials similar to these, 
the same cement-water ratio and a continuous grading from No. 100 
to %g in. (five fractions) in accordance with Weymouth’s theory and 
obtained strengths of the same order .. .” All data were remarkably 
consistent. The compressive strengths of the weak mortar (C mortar) 
were much nearer those of a comparable concrete (same W/C) than 
were those of the “baby concretes” (pebble mortars) in which the 
great excess over the predicted concrete strength was so pronounced. 

Let us now refer to the discussion (Reference 14, p. 33). In the 
preliminary interchange between the author and committee Cl chair- 
man, P. H. Bates,* Bates writes: 

“. .. When I first proposed some time ago to Mr. Moore,' mortar of the : 
type referred to in Cl’s report together with preliminary data, I was won- 
dering whether I would not be told it must all be wrong, because our 

*Long-time Chief, Silicate Clay Products Division, National Bureau of Standards t 


*Then director of research, Universal Atlas Portland Cement Co., and chairman of the sub- 
committee in charge of the tests 
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‘hallowed’ cement-water ratio did not hold. But time has passed and you 
now ‘bob up’ as the first one to point out with any positiveness the fact 
that the mortars in question do unquestionably show the failure of the 
water-cement ratio as a generalization “i 


Gilkey to Bates ... “These results are ‘unusual’ to the members of the 
committee only because they were precocious in learning and steadfast in 
believing that the water-cement ratio versus strength relationship was, 
and is, the alpha and omega of concrete. Having, in common with virtually 
the entire concrete world, accepted as final this useful but grossly over- 
stated (though oft-reiterated) generalization, it is not surprising that such 
contrary evidence, when finally thrust upon them, should be rated queer. 

“It so happens that the writer has, for the past 15 years, been afflicted 
with a morbid curiosity which has led him into many ventures sufficiently 
academic and impractical to supply him as a steady diet, with results which 
were unorthodox to most, unbelieved by many, and of little interest to 
others. Among these results are some likely to be quite disturbing to the 
souls of pious W/C adherents. The representative data of the accompanying 


TABLE | — COMPARISONS OF RICH AND LEAN CONCRETES AND THEIR 
MORTARS AT VARIOUS AGES, CURINGS, AND TEST CONDITIONS; WATER- 
CEMENT RATIOS THE SAME FOR ALL* 


Compressive strength, lb per sq in 


Mix- Coarse Aver- 
ture aggre- Ww/C, | Slump, Standard cured Variable curing,? age, 
by gate net in age: 1.5 years per- 
weight size 7 28 3 1.5 cent 
days | days months | years SD AD AW 
1:2:0 0.86 11.0 2250 3060 3900 5130 6170 3030 2020 
100 100 100 100 100 (100 100 100 
1:2:3 1-114 0.86 7.6 1320 1980 2520 3160 3460 1920 1600 
59 65 65 62 56 64 79 64 
1:2:3 14-14, 0.86 78 1650 2400 3170 3860 4160 | 2170; 1510 
73 78 82 75 68 72 75 75 
1:3:0 0.86 1.9 1780 2680 3440 3740 4350 2510 1890 
79 88 88 73 71 83 94 82 
1:3:44% 1-149 0.86 0.0 1270 2060 2440 2380 3160 1850 1380 
56 67 63 46 51 61 68 59 


*From Reference 14, p. 35. Fine aggregate was a washed natural sand and coarse aggregate 
was crushed quartzite. All specimens, 6 x 12-in. cylinders 


+SD = Standard cured for about 13 months and exposed to dry laboratory air for about 
5 months prior to testing dry. One month air exposure should have produced same results 

A No moist storage. In the dry air of the laboratory after removal from mold at age 
of 1 day 

AW = Same as above but saturated by 24-hr immersion just prior to test 
Some of the indications of Table 1 may be summarized as follows: 


1. The 1:2:3 concretes have 64 and 75 percent of the strengths of their 1:2:0 mortar 
2. The 1:3:442 concrete has 72 percent of the strength of its 1:3:0 mortar 


3. The 1:3:0 mortar has but 82 percent of the strength of the 1:2:0 mortar, and is only 
slightly stronger than the 1:5 concretes 


4. At constant water-cement ratio, strength is reduced as the aggregate ratio is increased, 
but the reduction is more pronounced for increases in sand ratio than in coarse aggregate 
ratio, although the effect of changes in neither is negligible 


5. Here the graded coarse aggregate (14-112) produces stronger concrete than does the one- 
size (1-142) coarse aggregate. There is nothing in these data to indicate whether the difference 
is due to the grading or to the difference in the average size of particle. Other tests show 
that small sized particles reduce strengths less than an equal weight of larger ones 


6. Strength ratios are reasonably constant for mixture comparisons at different ages, curings, 
and test conditions 
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Table 1 are not in all respects parallel to those secured by the committee, 
but they should serve as a basis for demonstrating the reasonableness of 
the committees’ findings.” 


Within conventional sizes of aggregates the mixtures of Table 1 
illustrate both size and amount-of-aggregate effects paralleling some 
of the significant differences present in miniature in the committee’s 
B, P, and C mixtures. (B and P are miniature concretes with rich 
mortars of finely graded material with pebbles for coarse aggregate. 
Let us recall that the C mixture is a moderately lean* graded mortar 
with nothing that can be considered as approximating the coarse 
aggregate in concrete.) 

In Table 1, Mixtures 3 and 4 supply a comparison between a fairly 
rich concrete and a fairly lean mortar. In this case the strength of 
the 1:5 concrete does not overtop that of the 1:3 mortar but if the 
mortar were a trifle leaner it undoubtedly would. Comparisons of 
concretes with their mortars are afforded within the first three mix- 
tures and the last two. 


Table 1, although in itself representing a limited reconnaissance 
series, does indicate relationships and trends some of which are elo- 
quently supported by the Committee’s published results and others, of 
which have been fully verified by other series and other investigators. 
All such data show that within the W/C relationship (at constant W/C): 


1. The strength of the concrete is not the strength of its mortar 
2. Decreasing the average size of the aggregate increases the strength? 
3. Increasing the amount of the aggregate decreases the strength 


4. Fine aggregate has a greater influence on strength than does an equal 
amount of coarse aggregate 


SIZE OF CYLINDER 


As previously noted, the W/C generalization not only disregarded 
size, grading, and amount of aggregate for workable mixtures, except 
insofar as these might bear on the wetness of the mixture required 
for workability, but it failed of any qualification for possible size-of- 
cylinder effect. As large aggregate, up to 6 in. (and in some instances 
to 9 in. or more) became routine for massive structures such as dams, 
important questions arose. 


To test large-aggregate concrete in cylinders appropriate to the size 
of the aggregate (diameter of cylinder, at least four times the diameter 
of the largest aggregate fragments) left two potential unevaluated 


*It is, of course, the leanness of the C109 mortar that not only provides it with a suitable 
—e but also with a strength that is comparable with that of a concrete having the 
same W/C. 


tThere must be a lower limit to the applicability for Item 2 but it seemed not to have been 
reached with the small particles of the committee’s mixtures B and P 
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variables. Obviously the only way actually to determine whether or 
not either size (and grading) of aggregate, or size of cylinder, or both, 
introduced significant additional variables called for: 

1. The large scale testing of standard cylinders covering the complete 
range of size that might be used, with the same mixture in all sizes of 
cylinder. If the smallest cylinders were 2 x 4 in. (only suitable for aggre- 
gate 0.5 in. or smaller) that mixture would have to be used for this entire 
series—1.5 in. aggregate concrete if 6 x 12 in. was the minimum size of 
specimen. 

2. Then an independent size-of-aggregate series could be run in which 
the largest size of aggregate appropriate to each size of cylinder could 
be employed. 

Of course identical water-cement and sand-cement ratios would be 
used throughout both series but even with that, adequate, properly 
controlled data would be difficult to secure. 

Recognized size-of-cylinder variables include: (a) possible differences 
in temperature due to undissipated heat-of-hydration effects on the 
interior of a large specimen, (b) different type of response to load for 
material surrounded by a considerable mass of concrete, (c) differ- 
ential volume change effects—shrinkage and/or swelling. 

Unrecognized but probably more disturbing are such practical aspects 
as: (a) the fact that in general different types and capacities of testing 
machines must be used for different sizes of specimens, involving such 
differences as rate of testing-head travel and rate of unit strain, (b) the 
all-important end-condition effects— ground to a plane, capped with 
sulfur-sand mixture, neat cement, or plaster of Paris, (c) comparable 
uniformity of moisture and curing conditions throughout the small 
and large masses. 

Size-of-aggregate effects would have to be evaluated after the data 
secured were already “corrected” for whatever had been determined 
as the presumed size-of-cylinder effect. Without exhaustive testing pro- 
grams, the best of control, and statistical processing of data, conclusions 
from such a two-step operation would be speculative at best. 

Within the 2 x 4 in., 3 x 6 in. and 6 x 12 in. cylinder range the author 
has found no consistent or appreciable size-of-cylinder effect. Some 
report slightly higher strengths for the smaller sizes of standard cyl- 
inders but in view of the inherent uncertainties and the small range 
of differences reported, no size-of-cylinder effect within this size range 
can be accepted as an established fact. 


There have been three projects designed to probe size-of-cylinder 
and/or size-of-aggregate effects within the large-cylinder range. These 
are reported in References 2 and 3, 4, and 5 and 6. These three projects 
all entailed uncertainties sufficient to make any conclusions tentative 
but the weight of the evidence seems to be against any significant 
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size-of-cylinder effect but supporting the pronounced size-of-aggregate 
effect already demonstrated in the small size ranges. 

From the brief initial National Bureau of Standards report on the 
Santeetlah Dam specimens? one tends to gain the impression that there 
is a significant size-of-cylinder effect. From the subsequent careful 
attempt to analyze the data,* however, it appears that the differences 
in strength are not believed to be, in any degree, size-of-cylinder 
effects—to quote “. . . it was found that for cylinders of different size 
and made of the same proportions, and by the same fabricating and 
curing methods, the strength was practically the same, and conversely 
every change in strength was accompanied by a change in fabricating 
method or a change in mix. .. . The difference in cylinder size was 
therefore shown not to be responsible for the change in strength.” 

This leaves size-of-aggregate as the only significant variable (all were 
at the same W/C), which is in accord with much of the evidence that 
has been cited. 

For the Sturm project* the mortar tests from 6 x 12-in. and 8 x 16-in. 
cylinders tested 30 percent stronger than the concrete tests from 24 x 
48-in. cylinders. Here we have both a size-of-cylinder and a size-of 
aggregate variable. Large cylinders of concrete were strikingly weaker 
than the smaller cylinders of identical mortar but the dual variable 
leaves an opening for interpretational differences. 

Blanks and McNamara reported important size-of-cylinder effects 
and no significant size-of-aggregate effects (Reference 5, pp. 300-301, 
Conclusions 1 and 4). The author places exactly the opposite interpre- 
tation on the evidence presented (Reference 6, p. 235-248). This leaves 
the Blanks-McNamara results negative, positive, or indeterminate de- 
pendent on how the reader appraises the controversial evidence pre- 
sented. 

It does seem certain, however: that concrete containing large aggre- 
gate, tested in large cylinders will have a substantially lower strength 
than will concrete or mortar (of the same W/C but smaller aggregate) 
tested in smaller cylinders. This by-passes as possibly controversial 
and in some degree speculative, the reason why the large cylinder, 
large-aggregate concrete is weaker. Nor is there an adequate basis 
for estimating the extent of the differential for a particular combination 
of aggregate and cylinder size. 


THE McMILLAN SUGGESTION 


As a method to measure the strength of large-aggregate concrete 
McMillan’ offered the suggestion of wet screening (or picking out the 
oversize fragments of aggregate). If the remaining mixture tended to 
be too fluid, aggregate of smaller grading could then be added to 
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“thicken” the mixture. Removing the large aggregate has allegedly 
strengthened the resulting small-aggregate specimen. Adding aggregate 
to stiffen the mixture has weakened it. How much is wholly indeter- 
minate. In the 13-page discussion (Reference 7, p. 522-535) triggered 
by the innocent l-page suggestion (Reference 7, p. 521) the author 
touches on quite a range of matters basic to concrete and its problems. 


EVIDENCE FROM STRESS-STRAIN BEHAVIOR 

The percentage stress-strain diagram*’** constitutes a useful device 
for comparing the basic response of materials to load. Fig. 8 shows a 
W/C series (W/C the only variable) for 2 x 4 in. neat cement specimens 
and Fig. 9 shows a similar series for 1:2.6, 6 x 12 in. 28-day sand-cement 
mortar specimens. 

Both series reduced to the percentage basis show that in spite of the 
great range in actual strengths, the differences in basic or qualitative 
behavior are almost indistinguishable. The same basic similarities exist 
for other important variables such as age at test, condition at test (sat- 
urated or airdried, etc). 

On the other hand Fig. 3, 4, 5, and 6 illustrate the pronounced effect 
of the nonhomogeneity incidental to variations in maximum size and 
amount of aggregate. The same kinds of nonhomogeneity effects were 
strikingly apparent in plaster of Paris paste in which both lead shot 
of several sizes, and standard Ottawa sand were used as aggregates 
(Reference 26, pp. 33-34). 

Incidentally, when lateral strain data are secured as is done if 
Poisson’s ratio is to be evaluated (Reference 26, Fig. 6), the lateral 
stress-strain diagram is likely to be an even more sensitive indicator of 
the internal disturbance due to nonhomogeneity. 

It appears that a primary or incipient failure of a heterogeneous 
specimen under load is usually, if not always, a slippage between matrix 
and aggregate particles; more pronounced and starting at lower loads 
as the aggregate is increased in size or amount. Such a concept seems 
to be fully in accord with the evidence from stress-strain behavior as 
well as from the strength tests. 


EVIDENCE FROM WATER GAIN 

There is still another evidence of the potency of nonhomogeneity in 
its effects on the behavior of portland cement mixtures under load. 
The well-known water-gain phenomenon!’ results in the accumulation 
of free water and air bubbles on the lower surfaces of all aggregate 
particles. The larger the fragment the greater is the accumulation over 
a continuous surface. By the same action—essentially a sedimentation— 
the upper surfaces lose some of their accumulations. 
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The bond between aggregate and matrix is improved slightly at upper 
contact surfaces and is weakened at the lower ones. This results in 
unequal adhesions and resistances to slippage or separation at different 
contact surfaces. These add to the effects of nonhomogeneity incidental 
to the size, amount, and grading of aggregate. 


Fig. 2 illustrates the pronounced clinging of the aggregate particles 
to the material that was directly above it during the plastic phase. 
The specimens were broken by dropping on to a mandrel located at 
midlength. Only an unusually well-embedded fragment clings to the 
lower half of the specimen as cast. 


CONCLUDING COMMENT 


It may be observed that little of the evidence presented is in actual 
conflict with the recorded background evidence of the W/C pronounce- 
ment. The differences are almost entirely ones of interpretation and 
of the scope accorded to the purported verification. 

There is entire agreement that the sweeping Abrams pronouncement 
is well supported in the area of structural concrete (mixtures from 
graded aggregates not exceeding 1.5 in. maximum size). The negligible 
coverage in the neat-cement, mortar, or small-aggregate area missed 
entirely, however, such striking indications as those of the ASTM 
Committee Ci tests.1*'* Nor was cognizance taken of the complete 
lack of information at the time of the pronouncement, relative to the 
possibility of contrary indications in the large-aggregate, and/or large- 
specimen range.** Apparently, the faith in the inert-filler concept 
was so implicit that it obviated the sense of need for a thorough ex- 
perimental verification for either small-aggregate or large-aggregate 
mixtures. 

Had the interpretations of the evidence and the formulation of the 
W/C pronouncement been so qualified as to restrict them to the area 
that had actually been explored adequately, the pronouncement would 
have been validly useful, although admittedly it would, so qualified, 
have lost somewhat in glamour and rhetorical appeal. 


SUMMARY 


1. In the light of such evidence as that herein discussed or cited 
the author believes that the W/C pronouncement, as initially formu- 
lated and as it still stands, constitutes a serious oversimplification that 
blocks sound concrete thinking. 


2. The alleged fallacy apparently stems from an unquestioning ac- 
ceptance of the long-standing concept of the aggregate function as being 
solely that of inert filler, disregarding such factors as the heterogeneity 
and nonisotropicity of concrete. 
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3. The essential validity of the W/C pronouncement has been repeat- 
edly verified for mixtures that might be designated as within the 
structural concrete range (graded aggregate up to 1.5 in. maximum 
size, tested in standard 6 x 12-in. cylinders). 


4. For unusual gradings in which the maximum sizes and/or amounts 
of the aggregate depart substantially from the “structural” type of 
mixture: 

(a) The backlog of experimental exploration was insufficient to justify 
the wording of the pronouncement 

(b) On the basis of a substantial accumulation of evidence from a variety 
of sources, the pronouncement as made is not valid and can be seriously 
in error 
5. The wording of the W/C versus strength pronouncement should be 

revised to read substantially as follows: 

“For a given cement and acceptable aggregate, the strength that may be 
developed by a workable mixture of cement, aggregate, and water (under 
the same mixing, curing, and testing conditions) is influenced by: 

(a) The ratio of cement to mixing water 

(b) The ratio of cement to aggregate 

(c) The grading, surface texture, and stiffness of the aggregate 

(d) The maximum size of the aggregate 
Where more than one of the foregoing are appreciably present as 


simultaneous variables, each of the variable factors will exercise a 
proportionate influence on the strength of the concrete.” 


6. For workable mixtures that lie within one general range of size, 
grading and amount of aggregate the major strength variation will 
be contingent on the ratio of cement to water. Within any one such 
limited range the appropriate W/C versus strength relationship con- 
stitutes a valauble tool in the proportioning and regulation of mixtures. 
In generalized form the W/C versus strength relationship can be repre- 
sented by a family of overlapping, approximately parallel curves similar 
to those shown in Fig. 7. 

7. Size-of-standard-specimen per se remains unevaluated with regard 
to the possible influence on strength. While limited tests supply indi- 
cations that, within the range of 2 x 4 in. to 36 x 72 in. specimens, size- 
of-specimen in itself is not a major variable, the subject is controversial. 
Valid appraisals are especially elusive because of inherent difficulties 
in keeping comparably under control such practical aspects as the ends 
of the specimens, rates of loading, types of testing equipment, moisture, 
and volume change, heat-of-hydration effects, et al. 


8. Stress-strain relationship and the water-gain phenomenon are cited 
as visual evidence of the effects of the heterogeneity of any such ma- 
terial as concrete. 
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9. It has been the mission of this paper to reinstate past dissents and 
to reinforce recent rediscoveries by attempting to assemble in one place 
references to, and brief discussions of, some of the more significant 
of the earlier contributions; also to supply supplementary evidence of 
various sorts, all blending to indicate the long overdue need for a bigger 
concept and broader thinking relative to the functions and limitations 
of the aggregate as a constituent of concrete. 


10. Nothing herein tends to deny or belittle the dominant role of 
the water-cement-ratio as the design criterion for mixtures from sim- 
ilar materials that lie approximately within one general range of pro- 
portions, size, and grading. Over any one area (as, for example, that 
of structural-type mixtures) the W/C, trial-batch technique maintains 
its status as unexcelled for simplicity and dependability. For important 
work the use of the “job curve,” long recommended by the Portland 
Cement Association, continues to provide a workable and highly satis- 
factory design procedure. Recognition and acceptance of the qualifying 
factors herein discussed and emphasized will contribute substantially 
to the broadening of concrete thinking without any significant alter- 
ation in current design techniques over the usual range of concrete 
practice, while at the same time the informed practitioner stands alerted 
for taking design account of significant differences heretofore disre- 
garded on the assumption that their influence on strength was nil. 
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Precast and Prestressed 
Folded Plate Slabs 


By HARRY H. EDWARDS 


Prestressed precast folded plate concrete slabs offer tremendous potential 
for widespread use in buildings for roof, floor, and wall construction and in 
highway acy ait 

A relatively low capital investment in prestressing facilities will produce a 
complete span range of folded plate products limited only by the ability to 
deliver po poche The cost of folded plate structures promises to be com- 
petitive with other building materials for long spans and heavy loads. 


Prestressed folded plate offers the opportunity of bringing the advantages 
of concrete construction—strength, fire resistance, blast resistance, and low 
maintenance cost—into buildings of all price ranges, and in addition, makes 


it economically feasible to design concrete structures in the 50- to 120-ft 
span range. 


@ A PRESTRESSED CONCRETE FOLDED PLATE, constructed of two 2% in. flat 
slabs, 51 in. wide and 50 ft long, joined at the ridge by welding 
together protruding #3 bars at 16 in. on centers was test loaded by the 
author’s firm. The cross-sectional dimensions of each folded plate were 
72 in. x 37.75 in. Six 7/16 in. strands were used to prestress the member. 


Wire mesh was used as temperature reinforcement. The joint was 
grouted. 


Using the simple beam theory for design, the folded plate was de- 
signed for a safe superimposed load of 30 lb per sq ft. The maximum 
amount of tensile stress allowed was 250 psi. 

The folded plate was test loaded until an equivalent symmetrical 
loading of 158 lb per sq ft was reached; more than five times its design 
live load. After losses, the fiber stresses at the supports due to prestress 
were calculated to be 231 psi tension in the top and 943 compression 
in the bottom. At the time of design loading, the bottom fiber stress 
at midspan was 192 psi tension. 

Although no edge restraint was used, there was no detection of hori- 
zontal movement of the lower edges during the test. A cantilever 
of 3 ft was used at the ends. A deflection of only % in. was measured 
at the time of maximum loading. 
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2) Fig. |—Formula for physical 
"6a * properties of folded plate 











Although the member supported five times its design live load, no 
cracks were visible anywhere in the structure at the conclusion of 
the test. 

It may be concluded from the results of this test that the prestressed 
folded plate, while presenting an outstanding appearance, also possesses 
impressive strength properties. The structural shape of the fold itself 
contributes much to this strength. Even though the integral parts of 
the folded plate contain no significant strength by themselves, these 
same flat slabs, when combined to form the folded member, yielded 
relatively large moments of inertia and section moduli. Formulas for 
determining the section properties of a folded plate are presented 
in Fig. 1. 

The folded plate is perhaps in one of its most intriguing forms when 
used as long spanning roof members. Up to now, most of the folded 
plates constructed have been of ordinary reinforced concrete which 
necessitated expensive forming costs, as the members had to be cast- 
in-place. 

The prestressing industry is now incorporating the economic principles 
of precast, prestressed concrete into the material saving aspects of the 
folded plate. The product may be mass-produced at a central manu- 
facturing plant, thereby eliminating expensive form costs, since the 
individual plates may be cast directly on a flat prestressing bed. 


SAVINGS 


It is apparent that there are material savings involved by using a 
prestressed design, other than the savings gained through the elimina- 
tion of high forming costs. Given a certain span and loading condition, 
a prestressed concrete folded plate will need a shallower section than 
a reinforced design because in the former, the bottom fibers are pre- 
compressed. Therefore, a prestressed folded plate is able to support 
a relatively greater superimposed load because of its ability to receive 
more tensile stress in its bottom fibers. 


Once the initial cost of installing the prestressing bed is out of the 
way, forming costs become negligible. The flat slabs which comprise 
the folded plate may be cast side by side on a simple flat prestressing 
bed. This makes it possible to use relatively inexpensive end buttresses, 
in that the strands are all in one horizontal line, a short height above 
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the bottom of the bed. The strands are deflected horizontally in the 
flat prestressing beds by the use of simple horizontal jacks, thereby 
reducing labor and material costs. The beds themselves need not be 
massive to resist high deflection forces. 

Forms need not be built for each design. One 12 ft wide flat pre- 
stressing bed will supply the form work for an infinite number of 
designs. This is brought about by simply changing the angles of fold 
or the over-all dimensions of the folded plate. Thus, forming costs 
are greatly reduced as a result of the tremendous diversity of the single 
bed located at a central prestressing plant. 

When the flat slabs are cast side by side, pick-up points may be 
easily provided by casting pieces of cross steel into the members. The 
two slabs may be picked up as a unit, allowing the desired angle of 
fold to be reached, at which time a clamp is placed on each end to 
prevent further folding. 

The folded members do not have to be transported one at a time, 
but may be stacked on top of each other until load limits are reached. 
In most states, a folded plate with an over-all width of 8 ft or less may 
be easily transported without special permit. 

The possibility of a machine that will place, vibrate, compress, form, 
and finish the flat slabs used in forming the folded plate is quite con- 
ceivable. An extrusion machine, developed by David Dodd, of Galatin, 
Tenn., is now producing 2 ft wide hollow core flat slabs and it is antici- 
pated that the machine will be capable of serving the purposes of the 
folded plate in the near future. The machine will operate in a con- 
tinuous process by laying the slabs out on a flat L2d on which strands 
have previously been tensioned. 

The savings which will be realized with this machine production are 
many. Particularly significant is the fact that the product may be 
stockpiled for immediate delivery. The flat slabs may be easily stored 
on top of each other. 


HINGES 


There are two methods which may be used in the forming of the 
hinges at the valleys and ridges of the folded plates. One method uses 
a pipe hinge assembly consisting of three short pieces of pipe together 
with a pin which has welded to it a washer or a nut which will not 
come loose. These assemblies are welded on 10 to 15 ft on centers to 
an angle iron which has been cast and anchored into the folded plate 
at 10 to 15 ft on centers. 
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Fig. 2—Tie beam support for vertical 
load-bearing walls 





The use of this type of hinge will necessitate a method of construction 
different from the second method which utilizes the cross steel to 
form the hinge. When the pipe hinge is used, the flat members are 
lifted from the bed and placed on temporary assembly frames located 
at a certain on-center spacing that will prevent deflection. Great care 
should be taken to align the frames accurately at the center line and 
toe, to insure that the folded member will be straight. Once the slabs 
are placed on the frames, the pipe hinge assembly is welded at the 
ridges. The valley hinge is welded in after the folded plates have been 
erected. 

The hinges may also be formed with the cross steel cast into the 
flat slabs. The procedure for lifting the completed member from the 
bed has been mentioned. The joint is completed by grouting to the 
extended cross steel. An example design is included on p. 1320, and 
illustrates this type of hinge construction. 

It is important that these joints be made completely watertight. Until 
further work is carried out no definite solution is offered. It is, how- 
ever, conceivable that a galvanized iron or copper flashing may be used, 
with the areas between sprayed with waterproof plastic paints or 
epoxies. 


SURFACE FINISH 


The folded design lends an attractive, unusual effect to a building, 
both as a roof and as a wall member. Complimenting this with a glass 
smooth finish definitely enhances its intriguing effect. Such a finish 
may be achieved by lining the forms with a neoprene or plastic sheet, 
or as an alternative the concrete may be coated with a smooth surface 
plastic. 


BLAST RESISTANT WALL PANELS 


The folded plate design may be used economically as an attractive 
wall panel. Used as a vertical member, (they can be horizontal) the 
folded member may be either load-bearing or non-load-bearing. In the 
case of the former, a cast-in-place reinforced concrete tie beam could 
be used at the tops. This tie beam supports the folded plate roof deck 
(Fig. 2 and 3). 
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Fig. 3—Tie beam support with folded 
plate roof deck 


Concrete is ideally suited for blast resistant construction. It has 
high mass, and, therefore, possesses a large inertia. When used as a 
wall panel of any appreciable height, the folded plate posses a signifi- 
cant L/r ratio, a property which lends it the ability to become a highly 
blast resistant structure. Prestressing this member enables it to be 
resilient, or able to absorb a high overload, deflect, and recover without 
permanent deformation. 


CONTINUITY 


The folded plate acts as a simple beam, and can be analyzed as 
such. It follows that continuity could be a benefit to this type of de- 
sign. While the steel requirements are obviously reduced because of 
the reduction in moment, the depth of section is also reduced for a 
constant span length. Continuity is used in the case of certain com- 
bined pretensioning and post-tensioning designs. The dead loads are 
carried by a pretensioned simple beam, and the live loads are carried 
by a post-tensioned continuous beam. Some continuous span designs 
may introduce excessive bottom fiber stresses over the supports. Such 
stresses may be relieved by placing an additional amount of field-placed 
concrete in the troughs of the folded plate at the supports. 


COMPOSITE MEMBERS 


In bridge and floor construction, a topping is cast-in-place on the 
folded plate, which acts as the “bare beam,” in the composite design. 
The folded member is precast and prestressed, after which it is lifted 
into place. The reinforced decking is cast on plywood or corrugated 
metal forms. In some cases, it is advantageous to shore the bare beam 
while the decking is cast to reduce the bottom tensile stresses. The 
ultimate moment capacity of the composite member is not changed by 
shoring; however, and it should be left to the discretion of an experi- 
enced engineer whether or not the folded plate should be shored. 


COMBINED POST-TENSIONING AND PRETENSIONING 


It may be desirable to use a combination of pretensioning and post- 
tensioning for some of the longer, heavier members. Take, for example, 
a long span bridge or floor member. The folded plate would be pre- 
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Fig. 4—Folded plate roof for shop building, Powder Springs, Ga. 


tensioned to enable it to support its own dead weight as well as the 
load imposed by the decking. As the additional loads resulting from 
the entire bridge or floor structure are applied, the need for additional 
prestressing becomes apparent. 

This post-tensioning is applied to the existing structure, and is usually 
applied by use of a draped conduit. At the time the decking is placed, 
diaphragms are also cast-in-place. The flexible conduit is located in 
the lower part of a diaphragm cast at midspan. Diaphragms are also 
cast at each end with the conduits so located in these end pieces as to 
provide less eccentricity than at midspan, where there is an acting 
moment. 


DESIGN 


The design of this proposed system does not follow the customary 
procedure of folded plate design. All the principal stresses are easily 
computed, and the design is simple. 

The folded plate reacts as a simple beam in its long dimension, there- 
fore, simple beam formulas may be used in computing fiber stresses, 
ultimate loads, cambers, and deflections. The physical properties of 
the folded plate may be computed from the formulas shown in Fig. 1. 

Bending moments at the fold are ignored as being too low to be 
critical. The hinges at the ridges and valleys are not grouted until 
the structure is in its final place on the building. Therefore, the dead 
weight does not produce a bending moment in the joints. The thin 
slabs show a high degree of flexibility and transmit only small mo- 
ments laterally. 

A cast-in-place or precast diaphragm is added to each support to 
distribute the bearing over a large area. For this purpose, the dia- 
phragms are triangular shaped, so as to obtain the largest bearing area 
and best load distribution possible. 


aoa 
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Prestressing introduces a horizontal force component into the folded 
plates to counteract the diagonal tension, resulting in low shear stresses 
near the end supports. Bottom concrete at midspan is precompressed, 
thus assuring freedom of tensile cracks under design load. 

A folded plate roof is used to cover a shop building for Leap Struc- 
tural Concrete, Powder Springs, Ga. (see Fig. 4). Through the coopera- 
tion of E. G. Prentzas, chief engineer and plant manager for the 
Georgia firm, the design of these prestressed folded roof members is 
presented, along with the accompanying illustrations. 


EXAMPLE (see Fig. 5) 


Design span: 60 ft 
Design criteria: 
Allowable stresses: (5000 psi concrete) 
Tension: 425 psi 
Compression: 2250 psi 
No stress allowed at end span in top fibers 
Use 22—% in. diameter strands (11 in each plate) 
Superimposed live load: 30 lb per sq ft 
Section properties: 


Use equivalent rectangle theory 


Area 2 x 2.5 x 60 = 300 sq in 


b 300 7.5 in equivalent rectangle width 
40 
S. nd 19 X 1600 _ 2900 in? 
6 6 
. d ‘ ‘ ‘ 
I S. > > 2000 20 40,000 in. 
Prestress 
~~. o- 0 
A S 
P, 22 x 11,200 246,400 lb (assume 20 percent losses) 
> 946 
P, 246,400 820 psi 
A 300 
Pre 


To make zero stress at top of ends, make 820 psi 


a 


‘ 820 (2000) > oe 
:€ 6.06 in 
246,400 


Use Y, 13.29 in. — 20.00 13.29 6.71 in 





y 
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Place two loops of 3/8" strand 
@ 5' from each end and @ midspan C 
for pick-up points (six strands total). 
| iets 
22 - 3/8" strands 
- = 
= & FE Continuous #3 
= bars @ every 12". 
f a ate Extended 6" @ each 





end for grouting. 
/ 





Use 22 - 3/8" 6 strands. 


Py = 11,200 ibs. /strand and P; 14,000 lbs. /strand 
Release strength = 3500 psi. 
f., = 50Mpsi 


End diaphragms required at end bearings. 
Provide intermediate frames at 15 ft. on centers 
during construction, 


Fig. 5—Details of folded plate hinge 


Stresses due to prestress: 


fom" = re 820 + 827 = 1647 psi 
fi" = = on re 820 — 827 7 psi 
Stresses due to loads: 
— ie 1.5 mm» 3600 + 844 psi 
fi = 15 ae) 3600 + 648 psi 


Summary of stresses: 








At support | At midspan 
| ice Top Bottom Top | Bottom 
P/A | 820 820 | 820 820 
Pe/S | ~827 827 | 827 | 827 
fn | — 7 1647 | — 7 | 1647 
Sa. | +844 844 
xs +837 803 
fru 648 ~648 
Xe6 +1485 +155 
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Concrete release strength 
1647 
oe 3500 ps 
fu = Qe x08 vet ae 
Ultimate moment: 
My: = 1.5 (312.5) 3600 = 1,687,500 in.-lb 
Miu 1.5 (240) 3600 = 1,296,000 in.-lb 


Required M, 5,370,300 in.-lb 


Provided M. = P. [d — 0.6 P./bf.’] — 12(20,000) [ 34.75 — 0.6 te x | 


7,354,000 in.-lb 


Camber: 
2 
A. ne [1.17 Pe — 1.25 Wo L’] 
__18 (3600) [1.17 (246,000) 6.71 — 1.25 (312.5) 3600} 
40,000 x 2.5 x 10° 
- 0.34 in. 
Shears: 
Vues = 553 (30) = 16,590 Ib 
Vv. 1.8 (16,590) — 29,862 Ib 
V. = 180bjd = 180 (7) % (26.71) =29,446 Ib 
% (V. — Ve) Y (416) 12 - 
As = = = 0.00027 sc or ft 
fyid 40,000 (%) 26.71 ee ae 


Minimum A, 0.0025bS = 0.0025 (7) 12 = 0.21 sq in. per ft 
Use #3 at 12 in. for entire length 


DESIGN SUMMARY 


The zero stress specification in the top fibers, due to prestress, is 
primarily a conservative step taken to prevent a tensile stress from 
occurring at the ridge joint in the top of the folded member. Further 
research on the jointing of the folded plates will be necessary before 
a tensile stress will be confidently allowed at the joints of the folded 
plate. The tensile stress at the valley joints occurs only temporarily, as 
this stress is the result of the superimposed design loads. 

Holding the stress due to prestress to a minimum also serves the 
purpose of keeping the camber down within allowable limits, as the 
eccentricity is given a maximum value. 

The use of the equivalent rectangle theory gives results which are 
in close agreement with the formulas. 

In calculating the ultimate moment capacity, only 12 strands were 
assumed to contribute, as the upper ten strands were considered to 
lay above or too close to the point of zero stress to be ultimately 
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TABLE | — COST ANALYSIS 


Item Unit cost Quantity Cost per sq ft 
Concrete $19.00 per cu yd 0.08 cu yd per ft $0.183 
Reinforcing steel {$ 0.11 per Ib 275 lb per member $0.063 
Prestressing steel ($ 0.05 per ft 1362 ft per member $0.142 
Labor $ 1.75 per hr 1.33 man-hr per sq ft $0.240 
Overhead (80 percent of materials 0.502 

and profit and labor) 90.502 
Erection $40.00 per hr 14 hr per 2400 sq ft $0.230 
Total $1.36 per sq ft 


stressed. The ultimate load requirement is easily satisfied, although 
the assumption is conservative. 

Referring to Fig. 5, attention is called to the spacing of the pick-up 
points, along with their development and the steel used. Two strands 
of %g in. diameter prestressing steel are used for each pick-up point, 
of which there are three. It is necessary that the development be deep 
enough to prevent pull-out, and also that it be placed with respect to 
the prestressing steel as shown. This latter precaution will prevent the 
strand from pulling the concrete from the topside. 

The reinforcing steel is extended at the joints to provide a bonding 
surface for the grouting. The top cross steel is extended through both 
slabs at the time they are precast on the flat beds. The same steel is 
extended at the bottom edges and bent as shown in Fig. 5. 

An estimate of cost for the example design problem is summarized 
for study in Table 1. The total is based on cost per square foot of hori- 
zontally projected area. The result is slightly less than the cost for a 
prestressed double tee design for the same span. 


CONCLUSION 


The prestressed, precast folded plate offers tremendous potential for 
widespread use in buildings for roof, floor and wall construction, and 
in highway bridges. 

Through prestressing, the folded plate is provided with the necessary 
properties to make it competitive with other structural members for 
long spans and heavy loads. Savings in formwork, labor and materials, 
along with such attractive features as standardization, availability, 
mass-production, and blast resistance assures the prestressed folded 
plate of an important place in the structural field. 


Discussion of this paper should reach ACI headquarters in triplicate 
by July 1, 1961, for publication in Part 2, December 1961 JOURNAL. 
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Title No. 5/-67 


Load-Deflection and Vibration 
Characteristics of a Multistory 
Precast Concrete Building 


By JACK R. JANNEY and JOHN F. WISS 


The load-deflection and vibration characteristics of a structure are closely 
associated. The use of high strength concrete in prestressed building ele- 
ments along with composite construction can produce building components 
which have resonant frequencies at various stages of loading to which the 
human body is sensitive. Vibrations with low amplitude may be sensed easily 
if the resonant frequency of the structure is relatively high. This paper de- 
scribes full scale load and vibration tests conducted on a multistory precast 
building. The degree of composite action was determined and found to be 
much more complete than normally considered in design. The vibration 
characteristics were determined and are discussed. 


@ THE USE OF PRECAST CONCRETE structural members in the construction 
of multistory buildings is becoming of increasing interest to structural 
engineers. Precast members have been used for many years as roof and 
floor units and for decorative panels. However, designers have only 
recently begun to make use of precast members for the framework of 
multistory buildings as well as the roof, floor, and wall units. 

The most effective method thus far devised to tie precast members 
together within a building is with cast-in-place concrete designed to 
act with the precast members to form a composite system. This coupled 
with the high strength concrete normally used in precast structural 
units often results in floors and floor supporting members with greater 
stiffness than is experienced in conventionally reinforced concrete or 
steel frame buildings. 

The vibration characteristics of a structure are a function of the 
product EI. Thus, high values of modulus of elasticity of concrete com- 
bined with large values of moment of inertia which are a consequence 
of composite action can result in natural frequencies in structures which 
are in a range where small amounts of motion are easily sensed by the 
human body. 
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A four story warehouse in Dade County, Fla., was constructed of 
precast prestressed beams supported by reinforced concrete columns 
with precast, prestressed joists spanning between the beams. A 3 in. 
cast-in-place deck, designed to contribute structurally to the floor system 
through composite action with the beams and joists, was placed on each 
floor. The floors were designed to carry a live load of 300 lb per sq ft. 

After construction a noticeable vibration, produced by walking across 
the unloaded second, third, or fourth floors, was detected. Concern 
regarding the effectiveness of the composite action between the cast- 
in-place and precast concrete was expressed as a consequence of this 
phenomenon. 

Load tests on the structure were proposed to determine if the precast 
elements and cast-in-place concrete were composite and to determine 
the vibration characteristics of the floors. 

The test program consisted of two parts: 


1. Load tests during which strains and deflections were measured 


2. Vibration measurements of displacement and frequency during various 
load conditions 


LOAD TEST 


The load tests were conducted in two parts. First, a fork lift truck 
was loaded with slabs of zinc until all the weight was on the two front 
wheels. The total load was 10,600 lb or 5300 lb per wheel. The loaded 
truck was moved to various positions on the fourth floor to develop 
moments and shears at the desired sections. Second, a uniform load of 
245 lb per sq ft was placed over a portion of the floor to compare the 
behavior of the structural components with that observed from the 
concentrated load tests. 

SR-4 strain gages were used to measure concrete strains. These meas- 
urements served a dual purpose: first, to derive concrete stresses at 
points of maximum moments, and second, to determine the neutral 
axis from the strain diagrams at the concrete cross section at the points 
of instrumentation. 
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Fig. 1—Plan of fourth floor 


The positions on the fourth floor which were instrumented with SR-4 
strain gages and dial deflection gages are shown in Fig. 1. 


LOAD TEST RESULTS 


Strain gages were placed at Load Stations 1, 2, 3, and 4 (see Fig. 1) 
so that the neutral axis of the cross section at each station could be 
determined. If the neutral axis of a member subject to bending is 
known, the effective cross section may be determined. Thus, it was 
possible to determine how much of the cast-in-place concrete acts with 
the precast elements to resist bending. 

The loaded fork lift truck which weighed 10,600 lb was placed at 
each load station. Strains and deflections were measured and then the 
load was moved to the next load station. 

Fig. 2 shows the location of the four strain gages on the beam cross 
section at Load Station 1. The beam loaded as shown with two con- 
centrated loads developed strains which placed the neutral axis 26 in. 
from the bottom. Thus, with the neutral axis at this point, 72 in. of 
the 3-in. cast-in-place floor must be acting as the top flange of a T-beam. 
The shaded area of the cross section was assumed to be effective in 
the original calculations. It may be seen that the beam is appreciably 
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TABLE |— COMPARISON OF DESIGN AND MEASURED STRESSES* 


Bottom fiber 


Bottom fiber 


Ratio of test 


Bottom fiber 
stress, psi (test 


Load stress, psi stress, psi moment to stress pro- 
station (from Wright’s | (measured from design jected to cor- 
design calcula- test load) moment (simple respond to 
tions) LL only span assumed) design moment) 
l 1680 397t 0.82 485 
2 1230 115$ 0.18 645 
3 1330+ 225§ 0.53 430 
4 1410 880t 0.82 1075 


*All stresses are tensile 

+Dust collector load included 

tUniform load 

§Concentrated load 
stiffer than anticipated. The calculated moment of inertia was 78,800 in.‘ 
is 168,300 in.‘ 
the composite beam is 2.16 times as stiff as assumed in the original 
3, and 4 


4 


and 5. 


while that derived from measured strains Therefore, 


floor design. Similarly, the strain data at Load Stations 2, 
have been analyzed and the results are shown in Fig. 3, 4, 
Each I-beam became a T-beam by virtue of the contribution of a con- 
siderable portion of the 3-in. cast-in-place floor. Load Stations 1 and 4 
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were the only ones at which both concentrated load and uniform load 


data were obtained. 


The comparison between the design live load stresses and those inter- 


preted from strain measurements is shown in Table 1. 


The test mo- 


ments were not equal to design moments so the test stresses were 
extrapolated linearly to correspond to live load design stresses. These 


extrapolated stresses were less than 
predicted the 


moment of inertia was greater than 


because measured 
design calculations and also be- 
cause some negative moment was 
developed at the supports. The de- 
sign calculations were based on 
simple span moments. Assuming 
simple spans, and using the meas- 


ured moment of inertia of the cross 


TABLE 2— COMPARISON OF CAL- 
CULATED DEFLECTIONS BASED ON 
SIMPLE SPAN AND MEASURED DE- 


FLECTIONS 
Deflection 
Load based on Measured 
Station simple span deflection, 
calculation, in. in. 

1 0.007 0.004 

2 0.006 0.004 

3 0.007 0.008 

4 0.027 0.019 
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Fig. 4 — Strains at Load 
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section at each load station, the deflections have been calculated and are 
presented in Table 2. These values are compared with measured deflec- 
tions. It may be seen that the measured deflections are smaller than 
those predicted from simple span considerations in each case except 
for the beam framing a cavity in the floor (Load Station 3). The re- 
duction in deflections coupled with the vibration behavior of the floor 
discussed hereinafter leads to the conclusion that the reinforcement 
over the beam and joint supports served as negative reinforcement 
thereby reducing the positive moments at midspan. The beam framing 
the cavity could not develop any negative moment on the ends because 
a gap existed between the beam end and the web of the supporting beam. 


An impact hammer was used to estimate the quality of the concrete 
at points of instrumentation over the structure. The impact hammer 
readings indicated that the concrete strength for the precast elements 
was in the neighborhood of 7500 psi. The modulus of elasticity of this 
concrete was assumed as 5,500,000 psi for converting strain to stress. 
The compressive strength of the concrete for the topping was assumed 
to be 5000 psi based on impact hammer readings. The modulus of elas- 
ticity for the topping concrete was assumed to be 3,500,000 psi. 
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VIBRATION TESTS 
The vibration investigation was directed toward: 


1. Measuring the dynamic deflection (vibration) and frequency of oscil- 
lation of the floors under “walking conditions” 

2. Determining the natural frequency response of the floors to impact 
loads 


3. Measuring existing intensities and modes of vibration produced by 
the operation of the machinery located on the fourth floor 


One of the dust collector fans located on the fourth floor was un- 
balanced to a considerable extent at the time of the tests. Thus, a 
significant source of steady-state vibration was available. This was used 
to obtain data on the dynamic response of the floor under the dead 
load, concentrated load, and at various stages of the uniform test loading. 

It is considered appropriate to review briefly certain established vi- 
bration fundamentals and relationships which are pertinent to these 
investigations. 

A structural member, when subjected to a sudden force or impact, 
will vibrate at its natural frequency (cycles per second). This char- 
acteristic frequency of the member is inversely proportional to the 
square root of the deflection produced in the member by all loads 
carried (including its own weight). Therefore, if a static load increases 
the deflection of a member by a factor of 4, the natural frequency will 
decrease by a factor of 2. 

When a periodic disturbing force is imposed on a structural member, 
the resulting amplitude of vibration (displacement) depends on the 
intensity of the disturbing force and on the ratio of the frequency 
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of the force to the natural frequency of the member. If this ratio is 
1.0, a condition of resonance exists and the member oscillates through 
a large amplitude. As the frequency ratio decreases or increases, the 
amplitude of the oscillation is reduced 

The instruments used for vibration measurements were portable blast 
and vibration seismographs. These instruments provide a magnified 
recording of the vibratory displacement in three mutually perpendicular 
directions, versus time. A photostatic reproduction of typical vibration 
patterns recorded during this investigation is shown in Fig. 6. The top 
trace is fore-aft (longitudinal) horizontal motion, the center trace is 
up-down (vertical) motion, and the bottom trace is left-right (trans- 
verse) horizontal motion. During periods of no agitation the traces 
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Fig. 6—Typical vibration patterns (center of fourth floor of packhouse) 
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are straight parallel lines. During TABLE 3 — DEFLECTIONS CAUSED 


agitation, the lines become a series BY WALKING 

of peaks which are exact magnified | | Pre 

reproductions of the vibrations. Longi- | Verti-| Trans- | quency, 
: ; , Floor |tudinal,| cal, verse, | cycles 

When the agitation ceases, the mils mils | mils | per sec 

traces become straight and parallel. 1 0.1 0.1 0.1 100.0 
The magnification of these in- 2 0.1 0.9 0.1 20.0 

f tae ‘ 3 0 1.0 0 20.0 
~ + > . . y 2c > 
struments is 50. Timing lines are 4 0 10 0 90.0 


placed on the record (crosswise of 
the traces) at intervals of 0.02 sec. 

Displacements are reported for each of the three mutually perpen- 
dicular components recorded. For this report, the units of displacement 
measurements are mils.* All values are single amplitude; for total 
movement multiply the displacements by 2. Frequency is measured in 
cycles per second. 


Walking tests 

These tests consisted of measuring the response at the center of the 
several floors of the structure caused by a man (150 lb) walking nor- 
mally across the floor. The amount of deflection caused by normal 
walking is reported in Table 3; the frequency of the vertical oscillation is 
also given. 

It is apparent that the upper floors of the structure are identical in 
response while the first floor which is supported directly on earth is 
more rigid 

It is appropriate to mention that the vibration caused by a 150 lb 
man walking resulted in a displacement of 1 mil, while the static 
load of 10,600 lb produced 19 mils deflection. The nonproportionality 
is due to the dynamic nature of the “load” applied to the floor during 
the walking tests. 


Natural frequency tests 
For purposes of determining the natural frequency of the floor 
panels, impact forces were produced by dropping heavy objects on 
the center of the floor while the 
seismographs were recording re- TE 6 eee 
; = OF FLOOR PANELS 


sulting movements. The results of 


these tests reveal the natural fre- . Natural frequency, 
. Floor cycles per sec 
quencies of the floor panels to be 
m 1 100 
as shown in Table 4 * 20 
The natural frequencies of the 3 20 
several floors are the same as those 4 20 


A mil is 0.001 in 
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TABLE 5— DECREASE IN NATURAL frequencies recorded during the 
FREQUENCY WITH INCREASE IN “walking tests.” The impact tests 


LOAD were made to verify that the same 

Natural frequencies prevailed during larger 

a a Minna deflections of the floor panels (10.0 
load cycles mils). 

ie elias Identical natural frequency tests 

0 20.0 were made on the fourth floor dur- 


31,000 lb ( 48 lb per sq ft) 15.2 


ing the progressive application of 
66,000 Ib (100 Ib per sq ft), 12.5 pth tie, Sect. espa 
140,000 Ib (214 Ib per sq ft) 91 the uniform oad. Lhe decrease in- 
160,000 Ib (245 lb per sq ft) 9.5 the natural frequency with the in- 


creased load is shown in Table 5. 
The slight increase in natural frequency above the 140,000 lb uniform 
load is caused by the higher loading being outside the main beam (see 
Fig. 1), which reduced the static deflection at the center of the panel 
because of continuity over the support. Therefore, the natural fre- 
quency was increased slighily. 


Machinery vibration 

To establish the prevailing level of the vibration produced by the 
machinery located on the fourth floor of the building, a grid was es- 
tablished and measurements made from 28 positions on the floor. 
The results of these measurements are presented in Fig. 7. Only the 
vertical vibration is shown since the two horizontal components in 
all cases were less than 0.2 mil. Dust collectors 1 and 2 (and associated 
machinery) were operating normally during this test series; units 
3 and 4 were not operating. These were subsequently checked and 
were found to be in balance. The No. 1 dust collector fan was the 
unit previously mentioned as having a relatively high degree of 
unbalance. 

It is apparent from Fig. 7 that the greatest single source of vibra- 
tion is the No. 1 dust collector fan. The response of the floor system 
is as expected with the panel at the center of the floor moving up 
when the section of the floor supporting the No. 1 dust collector fan 
is moving down. This further confirms the observation made that 
the temperature steel in the floor slab provided some moment con- 
tinuity over the beams. The peak value registered between the No. 
1 and No. 2 dust collectors is not caused by the unbalanced fan. This 
is apparent from the fact that this portion of the floor is vibrating at 
30.0 cycles per sec while the rest of the floor is vibrating at the fan 
rotational speed of 15.0 cycles per sec. 

The application of the 10,600 lb concentrated load at the center of 
the fourth floor had no significant effect on the vibration at this point 
caused by the normal operation of the machinery. The same load 
applied at the base of the No. 1 dust collector fan however increased 
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Fig. 7—Vertical vibration of fourth floor (during operation of Dust Collectors 
| and 2) 


the vibration at the base of the unit from 1.8 to 4.2 mils. This resulted 
because the concentrated load increased the static deflection of the 
floor supporting the unit, thereby bringing the natural frequency of 
the floor closer to the operating frequency of the fan and producing 
a “near resonant” condition. 

The uniform load was applied by stacking bags of cement over the 
center area of the fourth floor. Recordings of the vibration at the 
center of the floor panel (Load Station 4) produced by the No. 1 
dust collector fan were made as the loading progressed. The results 
of these measurements are shown in Table 6. 

Fig. 8 illustrates the response of the fourth floor to vibration of 
the machinery. This shows the variations of vibratory displacement 
in the center of the floor and the natural frequency of the floor with 


the degree of loading. The oper- 
ee OS BORE. ne Oper § TARE 6 VORATORY OIPLACE. 


ating frequency of the No. 1 dust MENT OF LOADED FLOOR 
collector fan is also indicated. The . 
agreement with theory is _ illus- Test load. Ib PR nt 
trated by the common point of na- mils 
tural frequency, operating frequen- 0 0.7 
cy, and maximum displacement pepe pe 

' ; 44,000 2.1 
occurring at the partial load of 80,000 1.1 
31,000 lb (as applied in this case) 140,000 0.7 
The physical significance of thes¢ 160,000 0.7 
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Fig. 8—Effect of loading on vibratory response (center of fourth floor of pack- 
house) 


data is that as the floor is loaded, the vibration in the floor increases 
to a maximum value (corresponding to 31,000 lb total load); as the floor 
is further loaded, the vibration will decrease until it is at the same 
intensity as exists when the floor is unloaded. 


Human response 
With reference to the walking tests it is significant to discuss briefly 
the response of the human body to vibration. The body is an excellent 
detector of all forms of stimulation; in many cases it is more sensitive 
than the finest instruments. It is not reliable however as a measuring 
device. Evaluation of vibration depends on the displacement, the fre- 
quency, the direction of the vibration, and the position of the body. 
Controlled laboratory tests on human subjects have revealed that 
the body is most sensitive to vertical vibration when the subject is 
standing, and most sensitive to horizontal vibration when lying down. 
For purposes of illustration the following Table 7 is presented for the 
two different floor frequencies recorded during these walking tests. 
TABLE 7 — HUMAN RESPONSE TO The values were taken from exten- 
VIBRATION sive experimental data by Reiher 
Giesiacwnent. in. and Meister at the Institute of 
At 20 At 100 Technology, Stuttgart, Germany 


cycles per cyclesper (1931). In these tests many sub- 
sec (upper sec (first 


floors) floor) jects of various ages and of differ- 
Perceptible 0.00010 0.00003 ent backgrounds were vibrated at 
Objectionable | 0.00080 0.00015* controlled displacements and fre- 
Uncomfortable 0.00170* 0.00022* quencies, and independently eval- 


*Relative position of displacement meas- uated the vibration based on their 
ured during walking tests 
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own sensations. The data so obtained have been checked by other 
investigators and are considered to be the most reliable information on 
human response to vibration. Table 7 lists the values for vertical vibra- 
tion, subject standing. 

It is apparent from the above that the walking tests on the upper 
floors produced intensities of vibration which are relatively high on 
the human response scale, and classify in a higher zone than similar 
activity on the first floor (on earth fill). 


CONCLUSION 

The load tests demonstrated that an assembly of precast units prop- 
erly designed to act with cast-in-place topping result in an effective 
composite floor system which acts as if it were monolithic. The extent 
of composite action was considerably greater than that assumed for 
design purposes. 

The degree of composite action combined with the high strength 
concrete used for the precast members resulted in a greater stiffness 
of structural elements and consequently higher natural frequency 
than is normally encountered in a cast-in-place reinforced concrete 
structure with similar dimensions. The natural frequencies of the 
unloaded second, third, and fourth floors were within a range in 
which the human body is sensitive to relatively small motion. Thus, 
the insignificant vibration caused by walking was sensed by persons 
standing on the floor whereas the same amount of motion on a floor 
of lower natural frequency would not thus be detected. 

The importance of preventing the natural frequency of structural 
elements in a building from being in resonance with any operating 
machinery was emphasized in these tests. 

The effectiveness of providing for continuity by placing reinforce- 
ment in the cast-in-place topping over supports was also demon- 
strated. Even though such provisions were not intended, the tempera- 
ture steel in the topping resulted in appreciable negative moment 
capacity in the floor slab over the main girders 


Discussion of this paper should reach ACI headquarters in triplicate 
by July 1, 1961, for publication in Part 2, December 1961 JOURNAL. 
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Torsional Strength of Prestressed 
Concrete Members 


By PAUL ZIA 


Reported are the results of torsional tests of 68 pretensioned and plain 
concrete members consisting of rectangular, T- and I-sections. Some of 
the specimens also contained web reinforcement in the form of ties. 


For the rectangular and T-sections, the test results compare closely with 
the predicted strength by a modification of Cowan's failure criterion. Ac- 
aailie to this criterion, which is noted as a close approximation of Mohr's 
failure theory, the optimum uniform prestress is 70 percent of the concrete 
cylinder strength. Corresponding to this optimum value, the torsional 
strength of a member is increased to 281 percent of that of the similar 
plain concrete member if the cylinder strength is 6000 psi. 


For the I-sections, the test results exceed considerably the predicted 
strength. Explanation of this discrepancy is offered as being the conse- 
quence of stress redistribution after the initial cracking. However, it is 
suggested that the usable strength of such a section be taken as the crack- 
ing moment, since the cracks due to torsion remain open on unloading and 
thus permanently damage the concrete member. 


@ ToRSION IN SIMPLE CONCRETE STRUCTURES is generally a secondary 
effect which seldom causes difficulties to the designer. Nevertheless, 
in the design of members such as a spandrel beam supporting a canti- 
levered balcony, a beam curved in plan, a spiral stairway, or a skewed 
arch, torsion is a factor that must be considered. In precast concrete 
construction, the handling of the slender precast members also re- 
quires, at times, the assessment of their torsional capacity. 
Investigation of torsional strength of concrete members dates as far 
back as 1903. Most of these early investigations (see Reference 14 for 
a comprehensive bibliography) have dealt with plain and reinforced 
concrete members of circular and rectangular sections. Limited num- 
ber of tests were also carried out on members of T and L section. 
A summary of these researches can be found in the appendix of Refer- 
ence 14. More recently, Cowan and Armstrong'* contributed to this 
subject a great deal. Their theoretical and experimental investigations 
extended to combined bending and torsion of rectangular reinforced 
and post-tensioned concrete members. The number of tests in each 
case was, however, rather limited. The most extensive torsion test of 
prestressed concrete members reported to date was by Humphreys. 


1337 








1338 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 196] 





ACI member Paul Zia is assistant professor of civil engineering, University of 
Florida, Gainesville. Dr. Zia has for years been an active consulting engineer in 
reinforced and prestressed concrete construction. He is a member of ACI Committee 


338, Torsion 











He tested 94 post-tensioned rectangular members of varying width-depth 
ratio from 1 to 4. The prestressing force varied from 0 to 6000 psi. Four 
of the specimens were eccentrically prestressed and the remainder 
were uniformly prestressed. 

The present investigation deals with pure torsion of pretensioned 
concrete members of rectangular, T, and I section. Some of these 
members also contain a nominal amount of web reinforcement. The 
purposes of this study are: to examine critically the various theories 
of failure; to develop a simple and conservative failure criterion for 
the determination of the torsional strength of prestressed concrete 
members; to study the effect of the web reinforcement on the behavior 
and strength of these various members under torsion. 
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Fig. |—Elevations of R and RW series specimens 
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Notation 

The symbols used in this paper are generally defined when they are 
introduced. The most frequently used symbols are listed below fo 
convenient reference 


b = width of a rectangle Tnaz —= Maximum torsional stress 

d = depth of a rectangle T torsional strength of plain con- 

M: twisting moment or torque crete 

G modulus of rigidity, psi f normal stress due to effective 

r angle of twist per unit length prestress, psi 

K age M; fe’ compressive strength of con- 
Gé crete, psi 

t = apparent torsional strength fr’ - tensile strength of concrete, psi 


EXPERIMENTAL PROGRAM 

Description of test specimens 

The testing program consisted of 84 specimens of which 68 were tested under 
pure torsion and 16 were instrumented for determination of loss of prestress. 
The specimens were of three different cross sections, namely, rectangular, T, 
and I. Corresponding to each cross section there were two series, one with 
and one without web reinforcement. Table 1 shows the schedule of all the 
specimens and Fig. 1 through 6 show their details. Referring to the specimen 
number, the letter symbol “R” stands for rectangular section, ““T” for T-section, 
“T” for I-section, ‘““W” for web reinforcement, and “P” for plain concrete. The 


TABLE | — SCHEDULE OF TEST SPECIMENS 


Series R Series RW Series T Series TW 


Series I Series IW 
Speci- | Type | Speci- | Type | Speci- | Type | Speci- | Type! Speci-| Type; Speci-| Type 
men of men of men of men of men of men test 
No test No. test No test No test No test No of 
ORI Te ORW1 = 0.25T1 = 0.25TW1 T 0.7511 ¥ 0.751W1 T 
OR2 = ORW2 T 0.25T2 T 0.25TW2| T 0.7512 T 0.751W2 T 
OR3 = ORW3 PL 0.25TW3| PL 0.751W3 PL 
OR4 PLt 
OR5 PL 
2R1 T 2RW1 T 2.25T1 I 2.25TW1 T 311 = 3IW1 T 
2R2 T 2RW2 4 2.25T2 = 2.25TW2| T 312 = 31W2 tT 
2R3 = 2RW3 PL 2.25TW3| PL 31W3 PL 
2R4 PL 
2R5 PL 
2.5R1 T 25RW1 T 2.75T I 2.75TW1 = 3.511 I 3.51W1 + 
2.5R2 T 2.5RW2 I 2.75T2 T 2.75TW2 I 3.512 T 3.51W2 T 
2.5R3 = 25RW3 PI 2.75RW3 PL 3.513 PL 3.51W3 PL 
2.5R4 PL 
2.5R5 PL 
RP1 I RW1 T TPI = TW1 T IP1 T IWwl I 
RP2 I RW2 T TP2 7 TW2 T IP2 T Iw2 T 
RP3 T RW3 = TP3 T TW3 T IP3 T IWw3 r 
RP4 = RW4 = IP4 T IP6 T 
RP5 T RP7 vy IP5 T IP7 T 
RP6 T RP8 T 
RP9 T 


*Torsion test 
tPrestress loss control 
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| — ; : Fig. 2—Cross sections of R and RW 
. series specimens. Prestressed with three 
7/\6-in. strands initially tensioned to 
19,750 |b for R series and 18,900 Ib 
| | for RW series 

| 


number preceding the letter symbol represents in inches the eccentricity of 
the prestressing force. 
Materials and fabrication of specimens 


The concrete used in the specimens was transit-mixed. The design mix per 
cubic yard of concrete is as follows: 


Cement (Type III) 705 lb 
Brooksville (Florida) Limerock (specific gravity = 2.40, FM = 6.44) 1956 lb 
Sand (specific gravity =2.56, FM = 2.39) 1005 1b 
Water 31 gal 
Pozzolith ‘8’ 7.5 lb 


The average slump of all batches of concrete used was 6 in. Standard 6 x 12 in. 
concrete cylinders for each series of specimens were prepared and cured under 
the same atmospheric conditions as the specimens. Table 2 shows the results 
of cylinder strength and modulus of elasticity of the concrete used on various 
series of specimens both at the time of transfer of prestress (4 days) and at 
28 days. 


The specimens were all pretensioned 


and fabricated by a prestressed con- 

“"Sisenad toe was or crete products manufacturer. The %g¢- 
ELASTICITY in. strands were tensioned individually 

ane tas by a power-operated hydraulic jack. 

,. poe The required elongation of each strand 

Series (4 days) , was carefully measured and_ the 
amount of tension was further checked 
- by the pressure gage on the pump. 
R 6390 | 4.08 x 10°) 7200 | 4.14 x 10 When the concrete was 4 days old, 
nad 6025 | 3.95 x 10°) 7480 | 4.48 x 10° prestress was transferred to the speci- 


. ed Prewde ined Tnceedlll beedg bed mens by simultaneous burning of the 
TW | 5900 | 4.38% 10°| 7250 | 4.68 x 10 san? ae “ a 


I 5650 | 3.96x10°| 7050 | 4.45 x 10 strands near the abutments at both 
Iw 4200 | 4.04 10°| 5550 | 4.72 x 10° ends of the casting bed. When the test- 


- : — ing was carried out, the specimens 
samen Se from stress-strain were at least 7 days old. 


fe’, psi| Ec, psi* | fc’, psi | Ec, psi* 
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Elevation Showing Location of Strain Gage Points 


Fig. 3—Elevations of T and TW series specimens 
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Fig. 4—Cross sections of T and TW series specimens. Prestressed with three 
7/16-in. strands initially tensioned to 18,900 Ib 
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Test arrangement and procedure 

The tests were carried out in a specially built torsion machine shown in 
Fig. 7. The machine has a fixed end and a movable head which rides on two 
tracks. The torque arms are 40 in. long. The capacity of this machine is 60,000 
in-lb. The angle of twist was measured by the mirror-scale method 

During the first several trial experiments, specimens often cracked prematurely 
in the chucks which held them in the machine. This difficulty was later over- 
come by using a \% in. thick lead sheet as a cushion. 

Each specimen was loaded in two cycles. In the first cycle of loading, the | 
specimen was loaded to about 70 percent of its ultimate capacity in three o1 
four load increments. This loading cycle allowed the opportunity to detect any 
necessary readjustment of the instrumentation. 

In the second loading cycle, the specimen began to exhibit yielding when it 
was loaded beyond about 80 percent of its ultimate strength. As the torque 
approached the ultimate moment, the yielding of the specimen was quite fast so 
that the loads and the mirror-scale readings were recorded simultaneously, 
every 3 to 5 sec. 

For every group of specimens tested on the same date, at least two cylinders 
were tested to ascertain the concrete strength of the specimens at the time of test 
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Fig. 5—Elevations of | and |W series specimens 
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ANALYTICAL STUDIES 

Torsional stress 

The analytical solution of St. Venant’s elastic torsion theory for a 
rectangular section is well known® but such a solution for I- and T- 
sections is not mathematically feasible. As a recourse, numerical solu- 
tions using the method of finite differences were chosen in this investi- 
gation. A detailed discussion of this method and finite difference 
expressions for various derivatives can be found in Reference 7. 

Because of symmetry, only one quarter of the rectangular and I-section 
and one-half of the T-section need be considered in the analysis. One 
in. square mesh for the rectangular and I-sections and % in. square 
mesh for the T-section were used in writing the difference equations. 
This choice of mesh size leads to 12 linear simultaneous equations for 
the rectangular section, 16 for the I-section, and 32 for the T-section. 
The solutions of the simultaneous equations were obtained with the aid 
of an IBM 650 computer. The maximum stresses and torsion constants 
for the three different sections are summarized in Table 3. It is seen 
that for the rectangular section the results by the numerical procedure 
is in close agreement with St. Ven- 





ant’s analytical solution. ! 


A simple approximation of the 








torsion constant and the maximum t 


torsional stress for a narrow rect- ot ' 


angle were proposed by Bach* 


. = st i 
where the torsion constant is i 
K M: (14) b*d (1) . | 
Gé ' 


and the maximum torsional stress is 


Mrb 


(2) 
K 





If a section is composed of a num- 


ber of narrow rectangles, such as 








I and T, the torsion constant will 





Th 


be approximately the sum of the 


torsion constants of the component ance tccentrtedty “e 
rectangles. Hence é' en 
K S (4) b*d (3) 


Fig. 6—Cross sections of | and |W 
series specimens. Prestressed with three 


7/\6-in. strands initially tensioned to 
the middle of the side having the 18,900 Ib 


The maximum stress will occur at 
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Fig. 7—Torsion machine ‘ 





largest thickness of the component rectangles and is equal to 


Tmaz = Met (4) 


in which t is the largest thickness of the component rectangles. 

It can be seen in Table 3 that the results by Eq. (3) and (4) differ 
considerably from the results by the finite difference method. This 
difference is due to the fact that Bach’s approximation neglects two 
effects on the value of the torsion constant, namely, the effect of the 
ends of the flanges and the effect of the junction of the flange and the 


web. There is a reduction in the approximate value of the torsion 
constant due to the end effect and a gain due to the junction effect. 


Lyse and Johnston’ made a refinement to Bach’s approximate method, 
considering these end and junction effects with the aid of the mem- 
brane analogy using soap film. According to their results, the gain 
in torsion constant due to the junction effect is 


AK; a D‘ (5) 
where D is the diameter of the inscribed circle at the junction, and 
a — 0.094 + 0.070(7r/m) 


in which r is the radius of the fillet and m is the thickness of the flange 
The reduction in torsion constant due to each flange end is 


AK 0.10504 b* (6) 


where, as before, b is the thickness of the flange. 

Applying these corrections, Eq. (5) and (6), to Eq. (3), we have 
the torsion constants of the three sections as follows: For the rec- 
tangular section, 


K = \%b*d 0.21008 b* (7) 
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TABLE 3— SUMMARY OF TORSION ANALYSIS BY VARIOUS METHODS 





Finite | 
Cross Item difference St. Venant Bach's Lyse-Johnston 
section method solution method method 
Stress at middle 0.01964M1 0.0195M71 0.0156M 1 0.0197Mr 
of long side 
Stress at middle 0.01306M 
of short side 
Torsion constant K 199.29 202 256 203 
Stress at fillet 0.019M71 0.0223M 1 0.0187Mr 
= Stress at middle 0.0183M 
© of web 
~-. Stress at middle 0.0165M 
Y > £1. 
of flange 
Torsion constant K 192 157 206 
Stress at fillet 0.0152M 0.0164Mr 0.0165Mr 
- Stress at middle 0.0107M 
i} of web 
aes 
o Stress at middle 0.0123M 
0 of flange 
Torsion constant K 280 214 233 


For the I-section (D 3.80 in. and a 0.0334), 


, 


K 3% b'd + 2a D* 0.42016 b* 
> 1% b*'d + 0.2668 D*‘ — 0.42016 b* (8) 
For the T-section (D 4.875 in. and a 0.1165), 


K 


4 


a D* 0.31512 b* 
S 14 b*d 0.1165 D 0.31512 b* (9) 
For the maximum torsional stress, Lyse and Johnston suggest 


ie Mr(w t 0.3 rT) (10) 


K 


where w is the web thickness and r is the radius of fillet. The results 
by Eq. (7) through (10), as given in Table 3, are seen to be in good 
agreement with the results by finite difference method. 


Criteria of failure 

When a uniaxially prestressed member is under twist, there exists 
a state of biaxial stress. To evaluate the strength of the member, one 
must establish a criterion of failure. Several theories of failure for 
concrete under combined stresses have been proposed. These theories 
are represented graphically in the form of failure envelopes in Fig. 8(a). 
If the state of stress‘in concrete is represented graphically by Mohr’s 
circle, then the failure of concrete is impending if the circle becomes 
tangent to the failure envelope 
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Rankine’s maximum stress theo- 

ry assumes that a material will fail 

under any condition of loading if 
one of the principal stresses at any 
point reaches the value of the lim- 





iting stress as determined by sim- 
ple tension or compression test of 
the material regardless of what the 





a : stresses may be on other planes 
/ through the point. The failure en- 
Fig. 8a—Failure theories velopes of this theory are, there- 
fore, two straight lines, parallel to 
the t-axis and tangent to circles C,; and C:, Mohr’s circles representing 
pure shear and simple compression, respectively. 

Coulomb’s internal friction theory assumes that failure of a material 
is caused by a sliding action along a certain plane within the material 
The resistance to this sliding is composed of a constant shearing 
strength, similar to cohesion, and an internal friction which is pro- 
portional to the normal stress on the sliding plane. When the shearing 
stress overcomes this combined resistance, failure occurs. This theory 
is graphically represented by a straight line drawn tangent to C, and 
C. as the failure envelope. 

This internal friction theory was later generalized by Mohr. It as- 
sumes that the resistance to shear on the sliding plane is a function 
of the normal stress acting on the plane. Hence the failure envelope 
is a curve as shown in Fig. 8(a). The exact shape of the envelope must 
be determined experimentally by testing the material in various com- 
binations of stress and by drawing a series of the largest stress circles 
and then the envelope. Such envelopes were obtained by Karman and 
Boker for their tests on marbles!!! and by Richart, Brandtzaeg, and 
Brown for their tests on concrete.” It must be pointed out that Mohr’s 
theory neglects the influence of the intermediate principal stress. While 
this influence is significant in the case of triaxial stress, it is rarely 
important for members under biaxial stress. 

Cowan suggested the combination of the maximum stress and the 
internal friction theories as a dual criterion of failure for concrete 
His suggestion was based on the observation of two distinct modes of 
failure of concrete, cleavage and shear fracture. The failure envelope 
of this theory therefore consists of two parts: the vertical line same 
as Rankine’s envelope and also the line tangent to Circle C. and having 
an inclination of 37 deg. This angle is assumed to be the angle of 
internal friction of average concrete 

A comparison of Cowan’s envelope with Mohr’s envelope would 
reveal that the former is, in effect, an approximation of the latter. How- 
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ever, there is a fundamental differ- 


ence between the two. Cowan's a 
criterion implies that there is a } 
definite state of stress at which fail- / 

ure of concrete changes abruptly A! A | 


from the pure cleavage type to the 
shear-fracture type. Mohr’s theory, 
on the other hand, implies a grad- 
ual transition from pure cleavage 


Fig. 8b—-Modified Cowan Theory of 


failure 


failure to pure fraction failure. It 
must be observed that during this 
transition stage, (which is repre- 
sented by the cases having the stress cricles tangent to the envelope to 
the left of the t-axis) the normal stress on the plane of failure is tensile. 
This tensile stress, contrary to the compressive stress, greatly reduces the 
formation of debris due to the sliding action along the failure plane. 
(The formation of debris is an indication of shear fracture failure.) 
So it is possible that a combination of cleavage and sliding failure 
could be misinterpreted as a pure cleavage failure. 

In an attempt to devise a unified and yet simple criterion, a modi- 
fication to Cowan’s theory is therefore proposed. In Fig. 8(b), line 
DD. is drawn from the point of intersection of the Cowan envelope 
with the t-axis and is tangent to Circle C,. This modified envelope is 
seen to be a closer approximation to Mohr’s envelope than Cowan's 
original envelope, and this theory will be referred to, hereafter, as the 
Modified Cowan Theory. 

It should be noted that all the criteria discussed above depend on 
two distinct properties of the concrete; the compressive strength and 
the torsional strength, t,. The assessment of the torsional strength i 
usually difficult for two reasons: (1) it requires elaborate setup of ¢ 
torsion machine; (2) it necessitates test specimens in the form of a 
thin-walled cylinder. However, 


oy 





since a plain concrete member un- 

der pure torsion will fail in diagon- 

al tension, the torsional strength is 
therefore equal to the tensile * 
strength. From the extensive test ° 

POINTS REPRESENT DATA BY 

results by Gonnerman and Shu- Ft Te ent: ne 
man,'* the tensile strength of con- i. | 


crete appears to be related to the 














compressive strength as follows 
(Fig. 9); 


Fig. 9— Concrete tensile-compressive 
te = fr’ = 0.68(f.’)% (11) strength relationship 
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Expressions of the interaction curves for the various criteria have 
been derived '* and these curves are shown in Fig. 10. It can be seen 
that the various criteria differ from each other to a considerable meas- 
ure. For concrete having a compressive strength of 7870 psi and a tor- 
sional strength of 747 psi, the optimum compression is 90 percent of f,’ 
according to Rankine’s theory, 46 percent of f,’ according to Coulomb’s 
theory, 55 percent of f,’ according to Cowan’s theory, and 65 percent 
of f.’ according to the Modified Cowan Theory. 

Also shown in Fig. 10 are the test results of Humphreys’ mentioned 
earlier. Each point on the graph represents the average results of 
three or more identical tests. Humphreys reported that the over-all 
average of the maximum torsional stress of his control plain concrete 
specimens is t, = 747 psi and the average compressive strength of the 
concrete is 8730 psi as determined from the 4-in. cubes. In plotting 
Humphreys’ data, the cube strength of 8730 psi was converted to the 
equivalent 6 x 12 in. cylinder strength by multiplying a conversion 
factor of 0.9.15 These experimental evidences indicate decidedly that 
Coulomb’s theory is not in agreement with the test results. Both Rank- 
ine’s and Cowan’s theories seem to err on the danger side and the 
Modified Cowan’s Theory compares most favorably with the test data 
for the lower compression range. As for the higher compression range, 
there is not sufficient data to justify a choice among the various theories. 

Fig. 11 shows the apparent torsional strength of concrete under various 
degrees of compression with the compressive strength of the concrete 


—_— ee 


‘Yy VM ty 


Wwe . 
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as a parameter. These curves are prepared according to the Modified 
Cowan Theory and Eq. (11). The validity of these curves will be 
further substantiated by the author’s own test results. 


EXPERIMENTAL RESULTS AND DISCUSSION 
General behavior of test members 

The typical moment-twist curves for the rectangular, T-, and I- 
sections are shown in Fig. 12 to 14. In all cases it is seen that the 
members behaved elastically up to about 75 percent of their ultimate 
moments. Both the plain and the prestressed concrete members with- 
out web reinforcement failed abruptly after slight yielding. However, 
the members with web reinforcement, both prestressed and non-pre- 
stressed, exhibited considerable yielding before failure. This delayed 
failure indicates the decided toughness of the members containing web 
reinforcement. 

At failure the nonprestressed members, whether with or without the 
web steel, have helical cracks at an angle of about 45 deg to their 
longitudinal axes. The cracks are well defined, showing the cleavage 
type of failure. On the other hand, the prestressed specimens both with 
and without web steel rupture more violently. The directions of the 
cracks depend on the magnitude and the eccentricity of the prestressing 
force. The larger the prestressing force, the smaller is the angle of 
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inclination of the crack. For the eccentrically prestressed members, 
the crack usually forms at a point above the center of gravity of the 
prestressing steels and at a greater inclination. Then it propagates 
toward the prestressing steel with decreasing slope. This pattern sug- 
gests that, as the crack propagates, the normal stress due to the pre- 
stressing force on the uncracked portion of the member increases and 
thus reduces the inclination. 

Furthermore, visual observations reveal that at the onset of failure, 
the cracks of the prestressed specimens have a tendency to form a helix. 
As soon as a definite crack forms on one side of the specimen, it pene- 
trates into the specimen and leads to a destructive compression-sliding 
failure on the opposite side. Fig. 15 to 20 show the different types of 
specimens after failure. 


Modulus of rigidity 

The modulus of rigidity may be obtained in two ways: (1) from the 
slope of the stress-strain curve; and (2) from the slope of the moment- 
twist curve. The results from these two approaches are comparable 
and the presence of prestress and web reinforcement appear to have 
little effect on the magnitude of the modulus of rigidity. As an over-all 
average, the modulus of rigidity may be taken as 0.4 of the modulus 
of elasticity. 


Ultimate strength of plain concrete members 

Table 4 shows a summary of the results of the plain concrete sections 
The maximum torsional stress computed from the ultimate moments 
according to the finite-difference method (see Table 3) are seen to 
exceed the values predicted by Eq. (11). Several early investigators 
have explained that the elastic theory overestimates the maximum 
torsional stress because of the plasticity of the concrete and advocated 
the use of the plastic torsion theory. However, Cowan'® indicated that 
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for concrete with a plasticity ratio TABLE 4—TEST RESULTS OF PLAIN 


less than 0.5, the effect of stress re- CONCRETE MEMBERS 
distribution was not significant. aa 
vieas- TO, 
(Plasticity ratio is defined as the .... ured | To, psi, 
, f . : r Speci- Muit, psi, from | (6) 
atlo oO astic str oO ‘ men fc’, in- from Eq 
rat : ? p astic strain t total No. psi kips Muit (11) (4) 
strain.) For the results at hand, the (1) (2) | (3) (4) (5) (5) 
comparison between the measured R series 
and predicted torsional strength is RP1 | 000 | 2856 | S62 | oe 
teir for the R b © saute RP2 | 6200 | 26.36 | 519 474 1.09 
alr for the anc series, but the RP3 6350 24.24 476 483 0.99 
differences between the measured RP4 | 6350 | 27.44 | 540 | 483 1.12 
sai sienibhiiiad aimee nh i cilia RPS | 6400 | 28.04 | 551 | 485 1.14 
ana preaicted strengtn oO series RP6 | 6400 | 32.04 | 630 | 485 1.30 
are indeed too great to be ac- RP7 | 7180 | 28.24 | 550 | 529 1.04 
4 : . , RP8 6500 29.76 583 490 1.19 
= od for bv : plastic ac 
counted for >y the pl astic ction of ape | ese | sige | aie | ste 119 
concrete. This great difference is T serie 
lieve ( > > ¢ Teva) arv 
believed t : be due to a secondary ee ee 1.04 
behavior of the I-section after the TP2 | 6785 | 32.10 | 490 | 506 0.97 
first cracking TP3 6880 | 29.24 445 511 0.87 
The web of the I-sections used in — 
ic jj ractiaoanti a : IP1 6210 39.61 755 475 1.59 
Ss nves allo N “Ker c > 
this i tigation is thicket than oe | ep | aaan-| 48 one 162 
the flanges and, therefore, the tor- 1P3 | 6700 | 38.92 | 742 | 501 1.48 
sional stresses are much higher IP4 | 6700 | 43.51 | 530 | SOI “po 
. ; IP5 6700 | 42.93 817 501 1.63 
along the sides of the web than in 1P6 | 4750 | 34.90 | 664 388 1.71 
the flanges. Thus, the first crack- IP7 | 5270 | 35.20 | 670 | 420 1.60 


ing of the I-section under tension 

begins in the web and spreads 

toward the flanges. The less stressed flanges, however, tend to arrest 
these cracks and the general breakdown does not immediately follow the 
initial cracking. Rather a redistribution of stress takes place in the 
flanges changing from the torsional shear to lateral bending shear. As a 
limiting condition, the external torque will be resisted by the internal 
couple formed by the equal and opposite lateral shear forces in the two 
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flanges. Such a secondary behavior does not exist with the rectangular 
and T-sections where the first cracking precipitates immediate and 
complete failure. 


Ultimate strength of prestressed members 

The theoretical and measured ultimate torque of all prestressed sec- 
tions are shown in Table 5. Knowing the normal stress on a section 
due to prestress, one may obtain the apparent torsional strength from 
Fig. 11 which has been prepared according to the modified Cowan 
failure criterion and the empirical expression for the tensile strength 
as shown by Eq. (11). With this apparent torsional strength, the the- 
oretical torque of the each section is computed according to the results 
of elastic analysis as shown in Table 3. It should be noted, however, 
that the torsional capacity of an eccentrically prestressed section is 





Fig. 15—Torsional failure of R-series specimens, (left) plain concrete, (right) 
prestressed concrete 
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governed by the strength of concrete at the top fiber even though the 
torsional stress at this point is considerably less than that at the middle 
of the sides of the web. This is because of the greater increase in the 
apparent torsional strength at the latter location due to the presence 
of higher prestress. 

The theoretical and measured torques compare closely for the T series 
and first two groups of the R series. The third group of the R series, 
those with 2.5-in. eccentricity, shows substantially higher strength than 
the theoretical value which is based on the first cracking at the top 
fiber. This increase in strength after cracking is possible because of 
the increase in normal stress due to prestress caused by the reduction 
in net cross section of the member after cracking. 

The theoretical torques of the I-series are seen to be much lower 
than the measured torques. To explain this discrepancy, two different 
types of behavior of the I-section after the initial cracking must be 
brought out. For the prestressed I-section with small eccentricity 
(Specimens 0.7511 and 0.7512), the initial cracking would begin in the 


eb, leaving two flanges to resist 
the ‘applied torque in the same TABLE 5——TEST RESULTS OF PRE- 
ap] q . STRESSED CONCRETE MEMBERS 


manner as the I-section of plain 


, ‘rete iscusse j ey] ~ Ultimate 

concrete discussed in the previous Effec- meng 

ants tar -carti ~ rj fe’, tive in-kips 

section. For the I-sections with  g,..i. pad i ‘a 

. Adar: > 7. Teiti¢y “OW. men at stress, Meas- Theo- 

considerable eccentricity of pre in. |) Gent | ilee | aoe | conte (4) 

stress, the initial cracking would Mj a), so | oO] & (5) 

begin at the top fiber and the mR sets 

cracks then propagate into the web, OR! | 8050) 48.87 | 44.20) 47.80 — 
OR2 | 8050| 48.87 | 46.50) 47.80 0.97 

leaving the uncracked portion in  op3 | g200| 48.40 | 46.72) 48.10 0.97 

the form of a T. The normal stress 21 | 8500 50.00 | 47.90! 46.20° 1.04 


on this uncracked portion of the  2R2 | 8540) 50.00 | 51.04) 46.40* 1.10 
' 2R3 | 8540/ 50.00 | 49.24 46.40* | 1.06 
[-section would immediately in- 


2.5R1 | 8540 | 48.37 | 45.64, 37.00* 1.23 
crease because of the reduction in o4s5po | g540| 48.37 | 47.24| 37.00* 1.28 
net cross section and also the re- 2.5R3 | 8540 | 48.37 | 43.04) 37.00* 1.17 
duction in eccentricity of the pre- T series 
stressing force with respect to the 925T1| 6590 | 50.76 | 51.12) 53.50 0.97 
: . 0.25T2) 6590) 50.76 | 51.98| 53.50 0.97 
centroid of the net section. This 
, , 2.25T1 | 6785 | 47.92 | 35.20) 36.40* 0.97 
transformation of the eccentrically  4o57o| 6785! 47.92 | 32.92, 36.40* 091 
prestressed I-section into a pre- 27571! 6785| 47.10 | 33.96 32.40* 1.05 
stressed T-section enables the 2-75T2| 6880| 47.00 | 33.16) 33.00° | 1.00 


. . I series 
member to sustain higher torque ts 


' x 0.7511 | 4750 | 51.59 | 46.60| 33.00 1.41 
than that corresponding to the first 97519 | 4750| 5159 | 46.10) 33.00 1.40 
cracking. The I- and T-sections  3n 5270 | 49.90 | 45.22, 24.00* 1.88 
used in this investigation have 3!2 | 5270; 49.90 | 50.76) 24.00 | 2.12 
qual we oe ' | 3.511 | 6210| 49.98 | 54.11) 20.00" | 2.70 
equal web thickness and almost the 27, | ¢510| 49.98 | 5333| 2000* | 266 


same flange size. It is interesting *Strength of concrete at top fiber governs 
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TABLE 6— RESISTING MOMENT OF to note that the measured ulti- 
WEB REINFORCEMENT 


mate torques of the eccentrically 


Mr, in prestressed I-sections are close to 
Speci- Av, kips by , 
men | 6’,in.| d’,in.| p.in.| sqin.| Eq. (12) the measured ultimate torques of 
Rseries| 2 10 4 0.05 13.2 the T-sections (Specimens 0.25T, 
Tseries| 1.75 9 4 0.05 10.4 0.25T2). 
Iseries | 1.75 | 10 4 0.05 11.55 This unique behavior under tor- 


sion of the prestressed concrete I- 
section after initial cracking brings about additional strength which 
may be quite substantial. However, from the structural designer’s 
viewpoint, the usable strength of a prestressed concrete member under 
torsion can only be considered as the torque corresponding to the initial 
cracking since the cracks formed in a member due to torsion do not 
close on unloading. So, the increased strength of the I-section beyond 
the initial cracking can be regarded as only an added safety factor 


Ultimate strength of members with web steel 

A theory of torsion of a rectangular reinforced concrete member was 
advanced by Cowan.' On the assumption of elasticity, Cowan derived 
the total internal strain energy of a reinforced concrete member as con- 
sisting of the tensile strain energy in the steel and the compressive 
strain energy in the concrete. By equating this internal strain energy 
to the external work done by the twisting moment, he obtained an 











Fig. 16—Torsional failure 
of RW-series specimens 























Fig. 17—Torsional failure 
of T-series specimens 
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Fig. !8—Torsional failure 
r . . 
of TW-series specimens 

















expression for the twisting moment of a reinforced 


concrete member 
when the permissible stress in the concrete has been exceeded. If the 
web reinforcement is in the form of ties, the resisting moment of the 
web reinforcement is 


(12) 


A, cross sectional area of one web reinforcement 
b’ width of the web reinforcement cage 

d’ depth of the web reinforcement cage 

p pitch of the web reinforcement 

f. stress in the web steel 


TABLE 7— COMPARISON OF EXPERIMENTAL AND THEORETICAL 
ULTIMATE TORQUE OF MEMBERS WITH WEB REINFORCEMENT 


. ' , Avg measured Avg ultimate* Torque due to Theoretical 
Specimen f-’ psi ultimate torque, in.-kips web steel ultimate 
No at test torque, in.-kips no web steel) in.-kips torque, in.-kips 
(1) 2) (3) (4) (5) (6) (4) + (5) 
RW series 
ORW1,2 7180 54.04 40.60 13.20 53.80 
2RW1,2 6950 51.97 40.10 13.20 53.30 
25RW1,2 6950 52.94 37.00 13.20 50.20 
RW1,2,3,4 6950 29.81 30.51 13.20 (43.71) 
TW series 
0.25TW1,2 6590 52.32 51.55 10.40 (61.95) 
2.25TW1,2 6785 43.85 34.06 10.40 44.46 
2.75TW1,2 6880 48.70 33.56 10.40 43.96 
TW1,2,3 6590 0.71 30.95 10.40 (41.35) 
IW series 
0.751W1,2 4750 52.10 46.35 11.55 57.90 
31W1,2 5270 58.74 48.00 11.55 59.55 
3.51W1,2 5270 60.10 45.50 11.55 57.05 
IW1,2.: 5270 36.55 34.20 11.55 (45.75) 


From test results shown in Table 


usted by direct proportion for proper value of f 
before average is taken 
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Fig. 19—Torsional failure 
of I-series specimens 














In addition to this vertical web reinforcement, there must be an equal 
volume of longitudinal steel to resist the horizontal component of the 
diagonal stress. The cross-sectional area of this longitudinal steel is 


A, = -2N2A-(b' +d’) (13) 


p 

It is noted from the moment-twist curves of all test members containing 
web steel that the curves become horizontal for a considerable amount 
of rotation before failure. This behavior indicates that the web steel 
is yielding prior to the failure of the test members. So, the stress in 
the web steel is assumed as 33,000 psi at ultimate torque. The data and 
the resisting moment of the web reinforcement in the three different 
sections may be found in Table 6. 

The measured and theoretical ultimate torques of all test members 
with web steel are shown in Table 7. It is noted that in all three series 
the nonprestressed specimens with web steel have, for all practical 
purposes, the same strength as the similar specimens without web steel. 
The presence of the web reinforcement only increases the toughness 
of the specimen but not the strength. This lack of strength is believed 
to be due to the fact that the horizontal component of the diagonal 
stress cannot be resisted by the four longitudinal bars which are located 
at the corners of the narrow ties where the stresses are low. Since 
nothing resists the horizontal component of the diagonal stress, the 
vertical ties cannot develop their potential strength. 

This reasoning does not apply, however, to the prestressed members 
for which the measured and the theoretical ultimate torques compare 
closely, with one exception—the group of TW series having 0.25 in 
eccentricity of prestressing force. In all these prestressed members, 
even though the longitudinal bars are also located at the corners of 
the ties and thus cannot resist the horizontal component of the diagonal 
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Fig. 20—Torsional failure 
of |W-series specimens 














s5Iwe 








stress, it is compensated by the prestress. Therefore the ties can develop 
their full strength. Unfortunately no explanation can be offered for 
the discrepancy of the one exception in the TW series. 


CONCLUSIONS 

The results of this investigation regarding the behavior and strength 
of pretensioned concrete members under short-time torsional load may 
be summarized and conclusions may be drawn as follows: 

1. St. Venant’s elastic torsion theory is applicable up to failure of 
pretensioned concrete members since the inelasticity of the high strength 
concrete is not pronounced under short-time loading. 

2. Of the various theories of failure, Rankine’s overestimates while 
Coulomb’s underestimates the torsional strength of prestressed con- 
crete. The latter is in complete disagreement with experimental 
evidence. Cowan’s theory overestimates the strength if the failure is 
predominantly cleavage type but conservatively predicts the strength 
if the failure is primarily fracture type. 

3. The modification to Cowan’s theory proposed here describes the 
failure of concrete as transitional from distinct cleavage to fracture. 
This modified theory closely predicts the torsional strength of concrete 
under prestress of not more than 0.60 of f,’ which is the range of stress 
encountered in most prestressed concrete construction. In essence, this 
theory is a close approximation of Mohr’s generalized internal friction 
theory 

4. The Modified Cowan Theory depends on two independent prop- 
erties of concrete; compressive strength and torsional strength. The 
latter is assumed to be equal to tensile strength and is given by an 
empirical relation t, = f.’ = 0.68 (f,’)**. According to this theory the 
optimum prestress is 70 percent of the concrete compressive strength 
With this prestressing effort the corresponding torsional strength of 
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the concrete is 2.81 times that of plain concrete if the concrete com- 
pressive strength is 6000 psi. 

5. Ultimate moment of prestressed members of rectangular and T- 
sections without web reinforcement is the same as the cracking moment 
determined according to St. Venant’s torsion theory and the modifica- 
tion of Cowan’s criterion of failure. 

6. Ultimate moment and cracking moment of prestressed members 
of I-section may be substantially different. The difference is greatly 
affected by the proportions of the section and the eccentricity of the 
prestressing force. However, the usable strength of such a section 
should be taken as the cracking moment, since the cracks due to torsion 
remain open on unloading and thus permanently damage the concrete 
member. 

7. A concrete member without web reinforcement fails abruptly under 
torsion. This type of sudden failure can be avoided by using web steel 
as ties spaced not more than 0.4 of the depth of the member. This 
delayed failure was fully demonstrated by the specimens containing 
web steel of about 1.5 percent of the volume of the core enclosed 
within the ties. 

8. The use of web reinforcement has no apparent effect on the elastic 
torsional behavior of a member. 

9. Ultimate strength of prestressed members with web steel is equal 
to the sum of the cracking moment of the member and the moment 
resisted by the web reinforcement. 
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Shell Construction — 
A New Approach 


To reduce cost of forming thin shell concrete roofs, an economical method 
of construction is desired. The design, construction, and load testing of a 
15 x 30 ft cylindrical test shell using a new approach is described. 


M@ SHELL ROOFS MAKE POSSIBLE unobstructed floor areas, permit wide 
latitude in structural layout, and enable the designer to fit many func- 
tional requirements. Moreover, shell roofs, and particularly the curved 
or arched types, offer major economies in the amounts of concrete 
and steel required in terms of area roofed. Unfortunately, these ad- 
vantages often have been outweighed in the past by the high cost of the 
formwork required, for it has been necessary to build a form at roof 
level and to hold this form, usually from the ground, by a forest of 
supports and braces until the concrete has been placed and gained 
sufficient strength before removal. The large amount of material re- 
quired for the formwork and the expense of the skilled labor required 
for erecting and dismantling the formwork have made the construction 
of concrete shell roofs in the United States costly, except in unusual 
instances. 

It is apparent that reducing the formwork cost is highly desirable. 
The construction method for a cylindrical concrete shell described here 
appears to have merit. In this method a mound is formed, preferably 
of earth, at ground level on the building site. This mound is shaped 
to conform to the shape of the roof, being of round convex vertical 
section, if an arched roof is desired, or of inverted V-shaped vertical 
cross section when a hipped roof is wanted. After the mound is formed, 
the roof is cast over it and allowed to set. The set roof is then raised 
off the mound by hydraulic jacks or the like to its level in the struc- 
ture and there supported permanently on columns. 

A plurality of vertical sleeves is formed in the roof when the concrete 
is placed. Thus, forms or skeletons for the vertical sleeves are placed 
around the edges of the mound prior to placing the roof. The concrete 
is then cast around the sleeve forms at the same time it is placed 
over the mound, then the roof is raised on columns disposed in the 
sleeves. After the roof has been raised, the mound is removed or leveled 
off and floor and wall construction proceed in conventional fashion. 
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SHELL ANALYSIS 


b = breadth of edge beam T = direct force component: 
= modulus of elasticity vs force component in 
f = unit stress transverse direction 
H, = horizontal line load applied T; - force component in 
along longitudinal edge longitudinal direction 
h = depth of edge beam t = thickness of shell 
I = moment of inertia x = longitudinal distance measured 
L =length of shell between sup- from left support 
ports As vertical displacement 
M, = bending moment on radial face, 4, angle measured from right edge 
considered positive when it of shell 
produces tension in inner fibers : 
p = intensity of vertical load on a ™ angle subtended by the edge of 
unit area shell measured from the center 
r =radius of shell measured to line 
center line V =-vvertical component of trans- 
S = tangential shearing force: verse force: 

S: = tangential shearing live V, = vertical line load applied 
load applied along longi- along longitudinal edge 
tudinal edge V, vertical load acting on 

S» = shearing force applied at edge beam 
upper edge of beam a, b, and c coefficients 


A test shell was built representing a half size model of a 30 x 60 ft 
roof. For the purpose of analysis, the dimensions were established as: 


b = 4 in. r = 10.6 ft 
h = 12 in t = 1% in 
L = 30 ft oe = 45 deg 


Using the tables of ASCE Manual No. 31,* to three decimal places, 
the dead load calculated membrane values of T, and T, at x L/2 and 
¢@ = 0; also S atx = 0 and ¢ 0 in lb per ft are: 


T, = pr (—0.707) = —172 (1) 
s= 4 or ( L ) 0.450) 309 (2) 

Bs f T 
T. = * pr ( L ) —0.143) 283 (3) 

7 Tr 

The line loads are: 

V, -Ty sin +121 (4) 
H, —T, COS ¢) 1.121 (5) 
S; +309 (6) 


*“Design of Cylindrical Concrete Shell Roofs, Manual 31, American Society of Civil Engi- 
neers, New York, 1952, 177 pp 
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These values are for the first term of the Fourier series. 


Assuming no edge beam at bottom of shell, the line loads then re- 


sult in: 
t= [- pr (—0.143) + 1179 \( L ): 1214 (~ ) (7) 
x T T 
oson ke 
A, 343 (8 
° rtE 
The unit stress at edge of shell is T,/t f,. Considering line loads V, 


and S, acting on shell by the edge beam: 


fe = [1214 — 15.44 V, — 1.13 Ss] ( L ) (9) 
T 

Ae = [3435 — 71.08 V, 1.79 Se] ( L* ) (10) 
rtE 


For the upper surface of edge beam the unit stress is: 
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Equating and solving: 
V, = 9.8 lb per ft; S» = 1003 lb per ft 


The true value of T, using the corrected line loads is: 


T. = [ 4 pr (—0.143) + 111.2 (415.44) — 121 (—8.02) 
mf 


— 694 (1.13) |( L ) 603 (13) 
rT 


For other values of ¢ see Fig. 1. 
At x= L/2 and ¢=0, 
. = [ 4 pr (—0.707) + 111.2 (0.707) + 121 (0.707) ] 
‘ a i 
Negligible (14) 


At x= 0, and 4¢— 0, 


S : [ 4 pr (—0.450) — 694 (0.350) |( L ) 996 (15) 
Pi y 


Since the analysis used assumes no torsional restraint at edge of 
shell, M, is zero at this point. For other values of 4, 


My = (111.2a + 121b — 694c )r (16) 
Values of a, b, and c are taken from ASCE Manual No. 31. See Fig. 2 
for values of T,, S, and M4. 


Using Simpson’s rule for determining the total value of the forces T 
around the shell and multiplying by their appropriate lever arm plus 
the total longitudinal force in the edge beam with its lever arm, the 


Fig. 2—Distribution of Ty, kips per ft; 
S, kips per ft; and M,, ft-kips 
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value of the internal moment is 45.6 ft-kips. The external moment is: 


W L? 9.7* (30)* 


Xx U 


46.4 ft-kips (17) 


This is considered close enough for design purposes. It should be kept 
in mind that W is a Fourier load, purely a mathematical convenience 
and is equal to: 


(4 


Pi 


)(Shell weight + Edge beams weight) (18) 
Pf 


and is not the actual weight of roof. 
Summing the vertical components of the variable tangential shear S 
at the end girder and adding the edge beam shear of: 

(2L/x) (1/2) (4/x) (edge beam weight per ft + V») 2.40' 


agreeing closely with 9.7* (0.25) 2.45‘, giving an adequate shear check. 


SHELL DESIGN 


Shell reinforcing is shown in Fig. 3 and was designed for dead load 
plus 20 lb per sq ft live load. The diagonal shear steel at the corner 
was designed for 1.24 times the theoretical. value of S to provide for 
omission of higher terms of the Fourier series. Additional reinforcing 
was added at the 2 ft square center opening. 

It is becoming increasingly popular in the southwest United States 
to install air conditioning units on the roof of buildings using an air- 


gh10'0'@ 6” 7or 


4" 2‘o"@/:o" Borrom 
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Fig. 3—Shell reinforcement 
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cooled compressor; thus an open- 
ing was made in the shell to sim- 
ulate this condition. Edge beam re- 
inforcing is shown in Fig. 4. Note 
that the mesh is raised at the shell 
junction to provide for edge dis- 
turbance even though ignored in 
analysis. 





The loading of the end girders 
ia is the most uncertain part of the 
l design. The usual determination of 
. stress resulting from the vertical 
| and horizontal components of the 
| tangential shear S plus the weight 
of girder can be made without dif- 
ficulty but a new set of loads must 
also be considered. At this point, 
outs one should refer to the specific 
9 method of construction. As shown 

a "S Fig. 5, a trench is dug below the 

a ae original grade and a conventional 

wall footing is cast in the bottom 

Fig. 4—Edge beam reinforcement of the trench. Next, the edge beam 
forms are placed on top of the foot- 


Sc a 





© *C .6 WiRE Pens 











ing and an earth mound is shaped appropriately in arch contour. The 
concrete shell is then cast integrally with the edge beam. After the 
roof has cured, it is raised with the edge beam which pulls up out 
of its form. Then, the grade beam is cast in the edge beam form and 
the earth mound is leveled off. In many instances the earth from 
the trench is sufficient to form the mound so that no external fill is 
required. End girders are cast at the same time in a similar manner 


a POLYETHYLENE FILM 
ita ee 








4$~-93" 








Fig. 5—Transverse section of shell in casting position 
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Fig. 6 — Section through f1Le 
end girder showing forming 70° 0 Geaoe B£L4u— 
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as shown in Fig. 6. Column sleeves are placed at the corners (see Fig. 7). 
The column sleeve, shown in Fig. 8, is adapted to fit loosely around 
the column and is provided with an annular upper and lower flange 
with vertical guide pipes fastened to the outside. 

Referring back to Fig. 6, it can be seen that consolidation of the fill 
behind the end girder form creates a lateral pressure. This pressure 
results in a friction force on the end girder which must be overcome 
at initial lifting. The magnitude of this force must be taken into ac- 
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Fig. 7 (above)—Corner detail and col- 
umn sleeve location. Fig. 8 (right)— 
Column sleeve 
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eemeel 4 Fig. 9 — End girder rein- 
forcement details 
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count in the design of the end girder. The cross section of the end 
girder is shown in Fig. 9. Mesh was lowered at the shell junction to 
provide for rim bending. 


COLUMN FOOTINGS 
Column footings are made large enough to accommodate the eccentric 
load of the jacking frame at lifting. Top of footings are slightly below 
top of grade beam footing to facilitate placing of lifting rods (see Fig. 10). 






\hiue TING FOO 










MYORAVLIC SACK: 


a3 ~~ ie 
Ana. SACKING FRAME 





/ 


~ 
~ 


A. 


: 2 Fig. 10 — Lifting arrange- 
"aie ment 


| te 
/ 
/ 


‘ 
/ 


/ 
“K 
7 
x 
\ _w 
y 
\ 
vy 


‘ 
‘ 
‘ 


‘ 
/ 
— 


Cos umn SOO TING.~ 




















—E 
vA 
/ 
‘ f- 
‘> 
\ 
‘ 
7) 
® 
Ne 
Ad 
= 


FOOTING 











id 





SHELL CONSTRUCTION 1369 


Fig. 1! — Shell with rein- 
forcement in place prior to 
concreting. The screeding 
template can be seen in the 
center of the shell 





ADDITIONAL ERECTION STRESSES 


In addition to frictional forces exerted on the edge beams by the 
compacted earth, a moment is imposed on the ends of the edge beams 
due to the eccentricity of the jacking frame with respect to the center 
line of the end girder. This moment, however, is usually not serious. 


TEST SHELL CONSTRUCTION 

Fig. 11 shows the test shell with columns in place and ready for 
concrete. Maintaining the mesh in its proper position in the 1%4-in. slab 
was a problem. Concrete pads were placed on the mound to support 
the mesh and were then cast into the shell. It was necessary in some 
cases to pull the mesh up where it 
had been stepped on between pads 
to get it into proper position. The 
earth mound was shaped by hand 
and compacted by hand roller. The 
wood screeding template can be 
seen and is cut to the outside ra- 
dius of the shell 

After removing the outside edge 
beam forms and the outside end 
girder forms, the jacking operation 
was begun. A closeup of the lower 
portions of the jacking frame is 
given in Fig. 12. The shell is half 
raised in Fig. 13. Note that part of 
the polyethylene film has adhered 
to the shell. 

No finishing was performed on 
the underside of the shell as the 
polyethylene film after removal 
left a smooth surface. Care, how- 
ever, must be used in forming so as 
not to press the mesh into the earth Fig. 12—Lifting jack 
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Fig. 13—Shell half raised. 
The polyethylene film can 
be seen clinging to the shell. 
This film made finishing of 
the underside unnecessary 


Fig. !4—Shell in final posi- 

tion. Grade beam forms in 

place. These forms are mod- 
ified edge beam forms 





mound as the resulting indentations are transferred to the underside of 
the shell and leave a pattern. 

Fig. 14 shows the shell raised to full height. Using the original forms 
and modifying them slightly, the grade beams at ground level were 
formed as seen in Fig. 14. 


LOAD TESTING 


To check the validity of the theory assumed in the shell design, the 
structure was loaded with sacks of cement to give an average load 
of 40 lb per sq ft, twice that assumed in design. The sacks were con- 
fined to the central portion of the shell since they would slide off if 
placed near the edge beams. This created a different loading than the 
design assumed, but close enough for practical purposes. Fig. 15 shows 
the completed structure under load. Hair cracks developed at the 
center of the span at approximate- 
ly 5 in. centers extending 3 to 4 in. 
up from the bottom of the edge 
beams. No cracks were discernible 
in the shell except the few shrink- 
age cracks present initially. The 
measured vertical deflection of the 
edge beams at the center of span 


Fig. |5—Completed strecture with test was 0.63 in., beigieoinatiate with the 
loading in place calculated deflection of 0.57 in 
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ROOFING 


After completing the load test, the exterior of the roof was painted 
with three different types of waterproofing, silicone, acrylic polyvinyl, 
and polyvinyl. After 3 years, the roof was still in good condition and 
all three coatings were performing equally well 


CONCLUSION 


Costs for this new method of construction compared to the usual 
method of forms and shores indicated a saving of over 50 cents per sq ft 
of shell. It has particular appeal for roofs of one and two bays where the 
usual forming cost is prohibitive since forms cannot be reused. 


Received by the Institute May ¢ t N 5 art f copyrighted Jourr 


Discussion of this paper should reach ACI headquarters in triplicate 
by July 1, 1961, for publication in Part 2, December 1961 JOURNAL. 
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Fixed-End Moments in Columns 
of Asymmetrical Multispan 
Integral Frames due to 
Longitudinal Displacements 


By SHU-T’IEN LI 


Presents a general method for determining fixed-end moments in columns 
due to thermal changes, shrinkage, and rib-shortening of the monolithically 
continuous girder in asymmetrical integral bridge frames having different 
span lengths, column heights, and moments of inertia either constant or 
variable; and hence it is applicable to any combination of them in any form. 


@ THE INCREASING USE OF multispan continuous integral frames in 
bridge structures of the interstate freeway system and the necessity 
of appropriate provision for thermal, shrinkage, and rib-shortening 
stresses induced therein, call for a general solution of column fixed-end 
moments which constitute an indispensable basic factor in the deter- 
mination of final moments by the slope-deflection, moment-distribution, 
or relaxation method. 

When the span lengths, column heights and their moments of inertia 
are symmetrical about the midpoint of the center span in the case of 
odd numbered spans, or about the center column(s) in even numbered 
spans, the determination of column fixed-end moments due to longi- 
tudinal displacements is relatively simple. But when all or some span 
lengths, column heights and their moments of inertia are asymmetrically 
different or variable, the determination of such column fixed-end mo- 
ments must simultaneously satisfy all conditions of deformation, stiff- 
ness, and equilibrium. 

Since this type of bridge structure seldom has more than five 
spans, the general analysis is developed although applications may 
be made to any composition from one to five spans with any column 
heights and stiffnesses by simply omitting nonexistent or substituting 
identical terms, or both. When the frictional resistances at end bearings 
are deleted, the equations hold true for pier-bents and building frames 
of similar composition. 


1373 
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DEVELOPMENT FOR TEMPERATURE RISE 


Deformed structure and nomenclature 
The deformed structure under temperature rise is diagrammatically 
shown in Fig. 1. 


Let 

l, to ls be the span lengths in ft 

h, to hy be the column heights above top of footings, in ft 

y: to ys be the vertical axial distances in ft along respective columns from 
the bottom 

I, to I, be the moments of inertia at any section of respective columns, in ft' 

A, A. be, respectively, total and center-span expansion in ft, the former 
being typical in all cases and the latter typical in all odd numbered span 
cases 


A, to 4, be the longitudinal joint displacements in ft due to expansion 
resulting from temperature rise of the monolithically continuous girder 
with reference to the original vertical center lines of columns 


H, to H, be the horizontal reactions in kips induced by thermal rise under 
fixed-end conditions of the columns 


Ms, M;' to Mz, Mz’ be the fixed-end moments of the columns, in kip-ft 
M, to M, be the moments in kip-ft at any section of respective columns 
R., Ry be the dead load reactions in kips at the free-end supports 


c, be the coefficient of friction between contact surfaces at the free-end 
bearings; in case acceptable experimental result is unavailable for the par- 
ticular metallic surfaces in contact, % may be used 


U, to U2 be the internal strain energies of respective columns, in ft-kips 
H., H; be the frictional resistances at the free-end bearings, in kips 
E. be the modulus of elasticity of concrete in kips per sq ft 


E, be the modulus of elasticity of steel or steel reinforcement in kips per 
sq ft on the basis of 29,000,000 psi 

n be the ratio of moduli of elasticity between steel and concrete; for 
lateral deflection of reinforced concrete columns designed for 3000-psi 
concrete, it may be taken at 8. 


t be the temperature rise in deg F 


c be the coefficient of expansion of concrete, which may be taken as 
0.000006 


Structural mechanics for columns of different constant / 

If the integral substructures and the monolithically continuous girder 
had immense rigidity or stiffness as compared with the columns, both 
top and bottom of the latter would suffer no detectable rotation within 
the generally accepted accuracy of structural analysis. They would 
be virtually fixed, the tangents to the elastic curves thereat would 
remain vertical after the horizontal displacement due to thermal ex- 
pansion of the monolithically continuous girder had taken place, the 
inflection points would be at midheight of each deflected column, and 
the fixed-end moments at top and bottom would be identical. 
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Long-time ACI member Shu-t’ien Li is a consulting engineer in Mobile, Ala. Dr. Li 
has practiced reinforced concrete design and construction both in this country and 
in China. He has served on the faculties of several engineering colleges in China 
and was Visiting Professor of Civil Engineering at Rutgers University in 1953-1954 

















Recognizing that fixed-end moments of constant-I columns due to a 
unit angle of lateral deflection are given by 6EI/h and angles of lateral 
deflection in radians by A/h, and neglecting the effect of any slight 
differential expansion of columns in the vertical direction, the fixed- 
end moments of the columns, their horizontal reactions, and the longi- 
tudinal joint displacements of the monolithically continuous girder 
would be related to each other by the following equations: 





M, H, h, 6E 1, 4 
2 h; 
M. = He" S.A 
2 h.? 
} ; (1) 
M, H, ts 6E.Is 4 
2 h;? 
M,; = H, ne 6E-I. Ay 
2 hé 


These fixed-end moments are those with which the joints act on 
the columns. They are clockwise at B and C, and counterclockwise at 
D and E, producing tension on the outer fibers of columns. The fixed- 
end moment at each bottom is equal to that at each top, but with 
compression on the outer fibers. 

In Eq. (1), if one of the M-, H-, and A-set of values are determined, 
the other two sets will become known. Hence, the system of simul- 
taneous equations for solving the unknowns may be written in terms 
of either M’s directly, or H’s, or A’s indirectly. 
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Fig. |—Deformed structure under temperature rise 
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By definitions stated under nomenclature, 
A = ct(L.+18+ lk) (2) 
hence the first deformation condition to be satisfied is 
Mi +44 = A (A) 
The second deformation condition to be fulfilled is 


Ae + As ct ls A (B) 


And the third deformation condition to be met is 


Ai — As ctl ‘ l 
A, — As ctl ly 
or 
LA: — ldAe + leAs — ley 0. (C) 


Again, according to the definitions given under nomenclature, 


Hi. cryR. | 
(3) 
H, = c;R; j 
The condition of longitudinal equilibrium requires that 
H, + H: —H; — H.+ H.— Hy 0, 
where, from Eq. (1), 
I,A I2A; IsAs I.A 
H+ H. — H; — H, 2E = af = - . 
” ; ( h:! h: h:? he ) 
By calling 
— I, — I, _ 
h* h;* 
I I, 
a= er 
h hé 
and (4) 
_ H,—H. 
B 12E. 
where 
e . £. 
ee 
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the equilibrium condition may be written in terms of A’s thus: 


iA: + GeAe — asAs — iA, = B (D) 


The system of simultaneous Eq. (A), (B), (C), and (D) to be 
satisfied for the determination of longitudinal joint displacements may 
now be recapitulated in an array as follows: 


Ay A As Ay c 
1 0 0 1 A 
0 l l 0 A. (5) 
l, l, l —l, 0 
o Ole — Os Os B 


Its solution by literal matrix inversion is not shorter in this case than 
by the determinantal method which shows that 


A ] 1 0 j l l —l —l j —l 1 eos 
A - ov _ 

0 L kh -l | —Os —O Ge —O, / Qs —Os —k Lb 

B «a Os —O 


0 l l 0 , Ll, lL. lL —l 
-le(ae + aos + a.) — La, + _ 
LE — & =—h? t f O, —O G@:, Ge 


whence 


a = (LL +4 lL.) (asA- 4 aA + B) + k (A — 4) (Qe + Gs) 
~~ (h+l) 3a 


Similarly, 


(l. +h) (asd. + aA + B) lL. (A — Ac) (a: + a) 
; (l. + kL) Sa 


By putting 


K, = (k + lk) (asd re 
K l.(A — Ae) (6) 
K, = (-+k) Sea \ 
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we get 
A K, + K, (Ge + Gs) 
Ks 
nN K, — K, (a, + au) 
K, 
and from (B), : (7) 
As — Ay —A 
from (A), 





A, = A—A, 


which will yield A, to A, for any composition of five spans. 

In Eq. (6), as B = (H,—H,)/12E., where the difference in the 
numerator is usually small for any asymmetrical composition and 
equal to zero for symmetrical composition, and 12E, is comparatively 
large numerically, B may be deleted from the equation under usual 
conditions, unless it affects the retained last significant figure for the 
desired accuracy. 

Having determined the longitudinal joint displacements, the fixed-end 
moments at the top and bottom of the columns are given by Eq. (1) 


Structural mechanics for columns of different variable / 


In the most general case where the moments of inertia may be vari- 
able and vary differently along different columns, the variable I’s may 
be expressed as functions of y’s such that 


I,= F(m), I: = Fy), etc (8) 


As by nomenclature, y’s are measured from the bottom, the moments 
at any section and at the top of respective columns may be written as 
M, = Ms — Huy; and Ms, — Ms; — Hh, ( 


M: = Mc’ — Hey: Mc = Mc’ — Hohe $ 
etc. etc. 


(9) 


from which it follows that the internal strain energies of the columns 
are given by 


“h 


U, | (Ma’ — Hiy:)? dy 
2E.I, 
0 
h | (10) 
ai | (Mco’' — Heys)’ dy. | 
2E.1 | 
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As fixed-end moments at the bottom must satisfy the conditions 
0 ~ 0, ete (11) 


whence 
*h, rh, 
Ms 1 
| I dy H, | y dy 0 


I, 


0 0 
giving the relation between M,, and H, as 


-h , ph 


M 2’ H, | Yr dy, | dy; (12) 
“ I, e I, 
0 0 
which reduces, for constant I,, to M,. H,h,/2, as it should. 


Similarly, for My, Mp, and M;,,, the right-hand expressions will, re- 
spectively, have subscripts 2, 3, and 4. 


To establish the relations between M, and H,, Me and Haz, etc., the 


moments at any section of the columns are expressed in terms of M», 
M,-, ete., thus 


M M; + Hh, H.y } 


(13) 
M: = Mc+H:ho — Hoye $ 
etc 
whence 
hy, 
U, 0 - ] | (Mz + Hihi —Hiy:) dy 
1M E I 
0 
giving 
h *h, 
| Yi dy, — h, | dy; 
: I, 
0 0 
Ms = Fi " (14) 
[* 
I, 
0 
which reduces, for constant I,, to M; = H,h,/2, as it should. 


Similarly, for Mc, Mp, and Mz, the right-hand expressions will, re- 
spectively, have subscripts 2, 3, and 4. 
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Calling 


e 
‘ —————— 


(15) 
h ~h y) h 
a= (fe an—n fae) / [a 
( Sia | ae? I 
0 0 0 
etc 
we may write 
Ms = HC, | 
(16) 
Mc = H.C. $ 
etc. 


The longitudinal joint displacement A, at B must be equal to the 
total moment about B of the differential elastic weights M,dy,/EI, 
integrated over B’B, that is 


A: = | eA (hi — y:) dy: 
0 
where 
M, = H:(C.+h— wy), 
giving 
“hy -h, 
w= BL cs fe ane | mew ay |. an 
0 0 


In like manner, for As, A3, Ay, the right-hand expressions will re- 
spectively have subscripts 2, 3, and 4. 


Denoting 


; ; 7 | 
cy = 1 | «. | Ow) dy, 4 | mw)" dy. | 


> (18) 

















3 
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we have 
(19) 


By combining Eq. (16) and (19), we obtain the counterparts of 
Eq. (1) for variable-J columns as 
M: H.C, (C,/C,’) A 
M, H.C (C2/C2’) As ( 
M» H:C; (C3/Cs’) As 
M, H.C, (C,/C,’) Ay 


(20) 


The deformation and equilibrium conditions on which the system of 
simultaneous equations of unknowns are formed remain the same as 
for constant-I columns, and Eq. (A), (B), and (C) remain unchanged 
for variable-I columns, but Eq. (D) has to be rewritten. Now, Eq. (20) 
provides 


i£+h~t,—s 4 a 4 4 
C C Cy’ c 
By calling 
3 as , etc. ' (21) 


Eq. (D) becomes 
yiAi + yods y:sA; — yA, = 6 (D’) 


Thus, the system of simultaneous equations to be satisfied for the de- 
termination of longitudinal joint displacements resulting from thermal 
rise in the most general case of different variable-] columns takes the 
following array: 


\ A A Ay Cc 
1 0 0 l A 
0 l 1 0 A (22) 
l l l 0 
B 


which is identical in form as Eq. (5) except for the magnitudes of the 
fourth row of coefficients. Therefore, the solution as represented in 
Eq. (6) and (7) for columns of different constant I will be equally 
operative for columns of different variable I by simply substituting y’s 
for a’s in those equations. 

For those who prefer the simplest matrix solution, reference is made 
to the author’s paper on “Converging Matrix Algorisms for the Solution 
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of Non-homogeneous Simultaneous Algebraic Linear Equations,” pre- 
sented to the fifteenth national meeting of the Association for Computing 
Machinery, Aug. 22-26, 1960, at Marquette University, Milwaukee, Wis 


ADAPTATION TO THERMAL FALL AND SHRINKAGE 


Thermal fall and shrinkage of the multispan integral frame induce 
fixed-end moments of proportional magnitudes on the columns, but of 
opposite sign to those caused by thermal rise. Denoting unit longitudi- 
nal and center-span displacements due to thermal fall and shrinkage by 


Or, = —(ct, + 0.0002) (23) 
and that due to thermal rise by 
: ct, (24) 
we get a constant ratio 


—— ct, + 0.0002 (28) 
Or ct, 
When this constant ratio is multiplied by each column fixed-end 
moment due to thermal rise, the latter will automatically become 


corresponding fixed-end moment induced by thermal fall and shrinkage 


DEVELOPMENT FOR RIB-SHORTENING OR ELONGATION 


In the case of rib-shortening or elongation of the monolithically con- 
tinuous girder, if 


N be the compression or tension in kips at any section of the girder 

A be any transformed cross-sectional area in sq ft normal to the longi- 
tudinal axis of the girder 

dl be any differential length in ft along the longitudinal girder 

A’ be the shortening or elongation in ft of any span 

k be any span-number subscript 2, 3, or 4 


then 
“Ll, 
Ar — = | N. - dl, 
; A:E. 
0 
whence 
— | Ns dl 
; A:sE 
0 
and > (26) 


4 7 
, N, 
= ais = = —_—_—_ k 
oer =a =| > a: 








W 


sh 


tu 


O! 
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where the positive sign denotes elongation and the negative sign 
shortening. 

The analogous sets of simultaneous equations for the unknown longi- 
tudinal joint displacements may now be written by substituting 


As — Ae Ad’ 
As — de A’ 
or 
A,’ A: — Ay’ As + A:’A Ae’ Ay 0 (C’) 


for Eq. (C) in both cases of (a) constant-I and (b) variable-I columns. 
Thus, we have the following arrays: 


(a) 


A A As Ay c 
1 0 0 1 A 
0 1 1 0 A (27) 
A. A A,’ —A 0 
a a Oy | —O B 
(b) 
A As | As As Cs 
1 0 0 l A 
0 1 1 0 A. (28) 
As —A, A,’ A 0 
4 7 B 


whose solution is analogously given by Eq. (6) and (7) by simply 
substituting appropriate elements in the above equations for correspond- 
ing ones in Eq. (5). 


GENERAL APPLICABILITY TO DIFFERENT COMPOSITIONS 


Application to symmetrical five-span bridge frame 
or three-span pier bent (Case 1) 


In this case, by virtue of symmetry, le = 4, hy = hs, ho = hs, Li = I, 
Ie = Ig, G; = Gs, Ge = Ge, and H, — H, = 0. 
Therefore 
Ay A, - le ct (2l- + Is) | 


(29) 
\y A a bo ctl \ 
2 


These will be identical with the results that would be obtained from 
Eq. (6) and (7) by substituting therein the above symmetrically located 
equal factors. 
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By Eq. (6), K, = 2l. (a2 A,+ a, A), Ke=l. (A—A,), and K; = 4l. 
(a, + ae). When these are substituted into Eq. (7), we get A; = A, = A/2 
and A, = A; = A./2 which agree with those given by Eq. (29), quod 
erat demonstrandum. 


Application to asymmetrical four-span bridge frame 
or two-span pier bent (Case 2) 

By deleting the terms 1,, hy, I,, as, and Ay, Eq. (6) gives K, = lo(a; A, 
+ 6), Ke = le(A — A,), Kg = le (a; + a2 + a3), where 6 may be put 0: 
and hence Eq. (7) yields the desired results as 


A (ae + Os) — Acte 


a+ @ + & 


A 


Ae (ai + as) — Agi (30) 
i+ @+a 


As = Ae—A 
Application to symmetrical four-span bridge frame 
or two-span pier bent (Case 3) 
Besides deleting terms as stated under Case 2, put | = ly = ls, hi = ha, 


I, = Is, a; = a3, Ge — 0 = Ac, A; A;. The premises dictate 


Ai = As = ctl (31) 


wb 


But the first line of Eq. (30) per se will hold and vield A, = A; = Aa,/2a, 
or Aas/2a; = A/2 being identical with Eq. (31), quod erat demonstrandum. 


Application to asymmetrical three-span bridge frame 
or one-span pier bent (Case 4) 

Besides the terms deleted under Case 2, further omit the terms as, 
and put A4,=0. Thus, the first line of Eq. (30) becomes 


Ade 
Oh + Oe 


Aa = (in direction shown in Fig. 1) 


and the second line of Eq. (30) becomes 


—Aai 
& + Ge 


= {in opposite direction shown in Fig. 1) 

The minus sign for A. indicates the actual longitudinal displacement 
A» for Case 4 should be to the right side of C in Fig. 1, while it is shown 
there to its left for the general multispan case. It further demonstrates 
that correct mathematical relations not only give “infallible magnitudes” 
but also “infallible senses.” 

A plus sign for A, would have been automatically obtained by using 
Spans 1, 3, and 5 for the three-span bridge frame and Span 3 for the 
one-span pier bent; i.e., putting in Fig. 1, l. — 1, — 0 = A, = As; omitting 
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Hq ® | ; ! wits 
hy NI, Ip) te 
tang, fe 


Fig. 2—Asymmetrical three-span frame 


Columns 2 and 3; redesignating A,, I,, hy, Hs, respectively, as As, Is, he, 
] 


H»,. |. as ' 1. as ly; then Fig. 1 becomes Fig. 2, and A= A,. It is to 
he tin thi se the typical total expansion A and the typical 
; 1 4, unify into an identical quantity. By assuming 
} ) gives K, least, Ko —0, Ks = LSa lo(a; + ae); 
Ey 
Aa 
a oO ] 
(32) 
A Aq, \ 
a + Oo 


which are the same in magnitudes as before, but both in the same 


directions as shown in Fig. 2 


Application to symmetrical three-span bridge frame 
or one-span pier bent (Case 5) 
For this case, simply put a; = a in Eq. (32). Thus, 


A A 4 (33) 


to 


CONCLUSIONS 

In closing, the author expresses these concluding statements: 

1. This paper has uniquely derived fixed-end moments in columns 
due to longitudinal-girder displacements of asymmetrical multispan 
integral frames. 

2. The formulas as presented are of general applicability to the de- 
termination of fixed-end moments due to thermal rise or fall, shrinkage, 
and rib-shortening or elongation, of the longitudinal girder. 

3. They are applicable to integral frames of bridges, pier bents, and 
buildings, in any composition not more than five spans or three bays, 
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asymmetrical or symmetrical, with either variable or constant moments 
of inertia. 

4. The method may be extended to cover more spans or bays when 
such cases arise. 

5. All numbered formulas are presented in proper sequence for any 
form of systematic numerical analysis including programed electronic 
computation. 


Received by the nstitute Mar 7 ¢ Title N é Ss a part r pyrighted 
f the Amer P ncret netitit 2 Anr 19¢ roce ‘ 


Discussion of this paper should reach ACI headquarters in triplicate 
by July 1, 1961, for publication in Part 2, December 1961 JOURNAL. 








CURRENT REVIEWS 


Bridges 


Blombach viaduct (Die Blombach 
Talbriicke) 


E. BAuMANN, Beton-Herstellung und Verwen- 
dung (Diisseldorf), V. 10, No. 8, Aug. 1960, 
pp. 352-358 
Reviewed by FERDINAND S. Rostasy 
The Blombach bridge near Wupper- 
tal, Germany, represents, with its 990 
ft clear span and 1090 ft total length, 
one of the largest reinforced concrete 
structures built after the war. The 
structure is a classical unsymmetrical 
fixed-end arch. Detailed information 
is given as to the construction of the 
foundation and formwork. Design, re- 
inforcement, and concreting are dis- 
cussed 


Construction Techniques 


Cut form cost to 7¢ per sq ft 
Joe Toparo, Construction Equipment, V. 22, 
No. 3, Sept. 1960, pp. 35-41 
Reviewed by Mary K. Hurp 
Combination form-and-shore system 
used on the 1l-story, 140,000 sq ft ad- 
dition to Charlotte Memorial Hospital, 
Charlotte, N.C., cost 7 cents per sq ft 
for erecting and stripping combined. 
Almost entirely slab work, the job pro- 
gressed at one 13,000 sq ft floor per 
week. Carefully planned _ erection 
scheme was based on using only six 
prefabricated components—one shore, 
one beam, four panels—per 48 sq ft of 
shored slab. The adjustable steel shore 
with four holes in its head plate pro- 


of Significant Contributions in Foreign and Domestic Publications 





vided snap-on lock for the pins in 


lower flange of 6 x 4-in. support beam 
Two identical pins in the upper flange 
fitted snugly in corresponding holes 
of steel framed plywood form panels. 
Scalloped outside edge of slab, uni- 
form from floor to floor, was formed 
with specially fabricated metal panels, 
and custom-made corner pieces were 
also used on drop beams around ele- 
vator openings. 

Expanded slate aggregate was used 
for the lightweight 4000-psi mix, which 
was delivered by truck mixers and 
placed by an electric tower crane with 
two 1% cu yd buckets in service. Tower 
crane also speeded handling of other 
construction materials, including pre- 
cast, exposed aggregate facing panels 
weighing from 1500 to 4000 lb each 


Ganged forms shape seawall 
Joun ReuFretp, Construction Equipment, V 
22, No. 3, Sept. 1960, pp. 47-51 
Reviewed by Mary K. Hurp 

Rented factory-built prefabricated 
forms were ganged for crane handling 
on a 2149 ft long wharf at the Mayport, 
Fla., Naval Station. Wharf straightens 
ragged shore line of an inlet, has about 
one-quarter of its length in open wa- 
ter. Form ganging speeded erection 
and alignment, saved carpentry work 
in the water 

Concrete wall encases the upper 15 
ft of the wharf’s sheetpile backbone, 
so reinforcing had to be set around 
piling, and form ties were threaded 
through holes in the piling. Ganged 
units measured 15 x 22% ft. Strong- 
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backs of 2 x 12 lumber projecting above 
wall form braced the bottom of the 
gang and eliminated underwater tie- 
rod setting. Timber grillage behind 
panels prevented warping during lift, 
eliminated need for external bracing 
during placement. 


Two tower cranes handle materials 
for apartments 
Contractors and Engineers, V. 57, No. 12, Dec 
1960, pp. 88-91 

Well-illustrated description of hoist- 
ing operations of two all-electric tower 
cranes during construction of the 16- 
story Comstock Apartments, San Fran- 
cisco. The two 100-ft booms work two 
floors from a setting; while one brings 
concrete from transit mixer to forms, 
the other handles general lifting jobs. 
The remote control of the rig is not 
only quiet but adds safety and efficien- 
cy to the job. 


Concrete by grout injection (in 
Dutch) 


J. F. Brants, Cement (Amsterdam), V. 12, 
No. 8, Apr. 1960, pp. 680-684 
Reviewed by Joun W. T. VAN Erp 
Describes prepacked concrete accord- 
ing to the Colcrete process. Preplaced 
aggregate is injected with a colloidal 
cement-sand mixture, including a dis- 
persion agent. The application of this 
method to such items as mass-concrete, 
foundations, harbor construction, and 
heavy radiation shielding concrete 
structures is mentioned. Experience 
with road construction in England and 
Germany is described and also jobs 
with intricate embedded elements, con- 
duits, and reinforcement. 


Construction of industrial buildings 
with precast reinforced concrete 
units (Bauen mit Stahibetonfertig- 
teilen—Hallen, Industriebauten) 
LaszLo MoKK, Publishing House of the Hun- 
garian Academy of Sciences, Budapest, 1960, 
473 pp. 
Reviewed by Mary K. Hurp 
This comprehensive work was first 
published in Hungary in 1955, subse- 
quently was translated for several east- 
ern European countries, and now ap- 


pears in a German-language edition. 
A profusion of good illustrations will 
make it interesting even to those whose 
knowledge of German is scant. 

Noting that precasting is most ad- 
vantageous in areas where there is 
a relative scarcity of timber and steel, 
plus a need to economize on labor, the 
author cites statistics on recent pro- 
duction of precast units in Europe. He 
also compares advantages of factory 
precasting with precasting at the job 
site, and discusses precasting in general 
versus cast-in-place construction. 

Large precast members must be de- 
signed for lifting stresses as well as 
for their role in the completed struc- 
ture, and a lengthy second chapter 
deals with problems of structural anal- 
ysis. Cross-section and elevation draw- 
ings are presented for numerous typi- 
cal members, and different methods of 
joining the members are well detailed 

Production of the units is dealt with 
in a third chapter, with suggestions 
on layout for precasting, both at the 
job site and in the plant, including the 
lifting of large members cast at the 
site. Considerable attention is given to 
forms and arrangement of casting beds, 
placing of concrete, attaining special 
surface effects, stripping the forms, and 
storage of the completed units. 

Eight different classes of lifting de- 
vices are described, including light 
cranes, tower cranes, masts, derricks, 
etc., and all are pictured in detail 
Hoisting techniques for various types 
of precast elements are covered, and 
accompanying action photographs are 
impressive. Systems for erection and 
assembly of beams, frames, arches, 
walls, and roofs are explained, with 
considerable details such as attention 
to lifting points, arrangement of cables, 
and sequence of crane operations 

Noting that much is to be learned 
from successfully completed precast 
construction jobs, the author present 
a 170-page section on outstanding ex- 
amples of contemporary precast con- 
struction. About 70 structures are de- 
scribed, many with cross-sectional de- 
tail drawings and views during erectior 
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as well as of the completed structure. 
Majority of the examples are Euro- 
pean, with a few from Canada, the 
United States, and Algeria. In the cate- 
gory of “special structures” are de- 
scribed lamella roofs, cooling towers 
with the form of hyperboloid of rota- 
tion, cement storage silos, and Nervi’s 
small sports arena for the Olympic 
Games in Rome. 

A brief concluding section compares 
construction costs for precast concrete, 
cast-in-place concrete, and steel struc- 
tures. 


Dams 


Concrete ‘‘dowels’’ anchor cliff 
A. E. Nrepernorr, Engineering News-Record, 
V. 165, No. 16, Oct. 20, 1960, pp. 45-46, 48 
Emphasizes construction difficulties 
of the 280 ft high concrete arch dam 
at the Kikuan hydroelectric project, 
Formosa. Because of torrential rains 
and poor rock foundation the dam was 
stabilized with 5 ft thick reinforced 
concrete “pins.” 


Design of buttress dams of triangu- 
lar profile and constant web thick- 
ness 


Janusz Ryszarp RypzEwski, Proceedings, In- 
stitution of Civil Engineers (London), V 
16 (Session 1959-60), July 1960, pp. 271-282 
Reviewed by Aron L. Mirsky 
Based on the usual (British) design 
criteria and classical theory of stress 
distribution, tables and charts suitable 
for preliminary design are developed, 
as determined by either maximum al- 
lowable stresses or economy (taken as 
minimum volume). 


Mareeba-Dimbulah irrigation proj- 
ect—Design and construction of 
Tinaroo Falls Dam 


N. J. Butter and F. M. LearmMontn, Journal, 
Institution of Engineers, Australia (Sydney), 
V. 32, No. 10-11, Oct.-Nov. 1960, pp. 249-263 
Describes the civil engineering inves- 
tigations, design, and construction of 
Tinaroo Falls Dam in North Queens- 
land, Australia. Principal feature of 
the dam are: maximum height of dam 


from stream bed, 136 ft; maximum 
height of dam from deepest foundation 
level, 142 ft; length of dam, 1750 ft; 
concrete in dam, 292,000 cu yd. 


Design 


Design of flat slabs without dropped 
panels (in Swedish) 
ARNE LinpH, Nordisk Betong (Stockholm), 
V. 4, No. 3, 1960, pp. 189-208 
Reviewed by MARGARET CORBIN 

Presents a method of flat slab design 
in which simplified equations for the 
calculation of moments and shearing 
forces have been deduced as closely in 
accordance with the theory of elasticity 
as possible, without involving any ex- 
cessively intricate calculation proce- 
dure. Torsional moments have also been 
taken into account, and it has been 
demonstrated that this can be done 
solely by correcting the length of mem- 
bers. This method has been devised 
for flat slabs without drop panels, but 
can likewise be applied to flat slabs 
with drop panels. 


Annular and spherical shells over 
rectangular plan (in German) 
E. Dutacska, Acta Technica Academiae Scien- 
tiarum Hungaricae (Budapest), V. 26, No. 3-4, 
1959, pp. 349-356 
HUNGARIAN TECHNICAL ABSTRACTS 
V. 12, No. 3, 1960 
The development of construction 
technology demands that prefabrica- 
tion keep in step in the field of shell 
structures as well. Economical prefab- 
rication of dome shells can be realized 
only if the shell surface can be assem- 
bled of identical elements. Similar sur- 
faces are referred to as annular, they 
can be divided into identical sections. 
The sphere is a special case of the an- 
nulus. The determination of membrane 
forces in this type of shell is dealt 
with. An even polynomial which ac- 
curately satisfies boundary conditions 
is adopted as the stress function. The 
differential equation of the shell is 
satisfied accurately only at designated 
points, while at others merely approxi- 
mately. The method is illustrated by a 
numerical example which proves that 
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the quadratic mean error due to the 
approximating character of the method 
is 2.95 percent, the method thus being 
sufficiently accurate for practical pur- 
poses. 


Design of biaxially loaded columns 
by ultimate load methods 


F. N. PANNELL, Magazine of Concrete Research 
(London), V. 12, No. 35, July 1960, pp. 99-108 
AUTHOR’s SUMMARY 
Describes a method of defining the 
curves relating ultimate load and mo- 
ment for rectangular columns having 
an equal area of steel in each face, and 
subjected to any radial eccentricity of 
loading. This leads to a method of ac- 
curate and rapid design. 
The validity of the approach is dem- 
onstrated by case analysis. 


Composite designs in precast and 
cast-in-place concrete 
ArtTHuR R. ANDERSON, Progressive Architecture, 
V. 41, No. 9, Sept. 1960, pp. 172-176 

Briefly discusses considerations for 
composite construction and describes 
and details tests of connections. Also 
describes and pictures joint details for 
column-to-footing, wall-to-column, 
beam-to-column, and _  beam-to-slab 
joints. Many pictures illustrate practi- 
cal applications of these joint details 
on actual construction jobs. 


Control of stresses in concrete arch- 
ed structures and arches by means 
of one-sided or unsymmetrical re- 
inforcement (self-stressed arches, 
etc.) (in Russian) 


Ya S. Fartn, Tr. Saratovsk. Avtomob.-dor 
In-ta, V. 15, No. 1, 1957, pp. 52-70; Referativnyi 
Zhurnal Mekhanika (Moscow), No. 2, 1959, 
Rev. 1978 
APPLIED MECHANICS REVIEWS 
V. 13, No. 10, Oct. 1960 
A method is proposed for the self- 
stressing of concrete arches which re- 
sults in the decrease of the magnitude 
of the tension stresses in the arch. Cal- 
culations are worked out which take 
into account the concrete’s creep, re- 
ducing the amount of metal used. In 
his investigations on the critical stresses 
in the ferro-concrete components the 
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author starts with the assumptions 
that the cohesion between the rein- 


forcement and the concrete is not brok- 
en; that the modulus of elasticity of 
the concrete becomes a constant in the 
course of time; that the concrete and 
the steel conform to Hooke’s principle; 
that the concrete is in the first stage 
of the stressed state (up to the appear- 
ance of cracks indicating disruption of 
the concrete); and that the distribu- 
tion of stresses with height in the sec- 
tion is rectilinear. The method is ex- 
tended to cover cases of complete arch- 
es as well. 


Bending moments in statically deter- 
minate reinforced concrete trusses 
at ultimate load 
VALERIU Petcu, The Indian Concrete Journal, 
(Bombay), V. 34, No. 9, Sept. 1960, pp. 347-349 
Presents a method to determine the 
bending moments in reinforced con- 
crete trusses. Results were compared 
with those based on ordinary elastic 
analysis. Concludes that at the ulti- 
mate load the bending moments reduce 
the carrying capacity of reinforced 
concrete trusses more than the bend- 
ing moments obtained by the elastic 
analysis. 


Simplified analysis of circular arch- 
es (Calcul simplifie des arcs circu- 
laires) 


R. Masse, Le Génie Civil (Paris), V 
21, Nov. 1, 1959, pp. 438-441 
Reviewed by Aron L. Mirsky 


136, No 


Studied here are many cases of prac- 
tical interest, using method developed 
by author in previous papers:* (1) 
circular pipe under two diametrically 
opposed forces; (2) circular pipe, un- 
der its own weight; (3) circular pipe, 
completely filled with liquid; (4) cir- 
cular pipe, with vertical load at crown 
and vertical reactions acting at ends 
of the horizontal diameter; and (5) 
pipe in cradles 

*Le Genie Civil, V. 134, No. 20, Oct. 15, 1957 
pp. 423-424; V. 135, No. 3, Feb. 1, 1958, pp 
64-66; V. 136, No. 10, May 15, 1959, pp. 222-223 


“Current Reviews,” ACI Journat, V. 32, No 
4, Oct. 1960 (Proceedings, V. 57) p. 471 
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Two-span symmetrical portal frames 
under eccentric loads (Portiques 
doubles symetriques sollicites par 
l'action d’efforts excentres) 
R. Masse, Le Génie Civil (Paris), V. 137, No 
3, Feb. 1, 1960, pp. 61-62 
Reviewed by Aron L. Mirsky 
Symmetry is used to derive simpli- 
fied expressions for evaluating the 
redundants in two-span frames with 
horizontal or sloping cross-beams. A 
numerical example is included. 


Reaction influence lines for con- 
tinuous deep beams 


F. E. ArcHer and E. M. Kirtcuen, Civil Engi- 
neering Transactions (Sydney), V. CE2, No 
2, Sept. 1960, pp. 77-84 
AUTHORS’ SUMMARY 
The influence lines for reaction in 
two-span deep beams, of three ratios 
of depth to span and two ratios of 
width of supports to span, have been 
determined experimentally by a pho- 
toelastic technique. An approximate 
analytical method applicable to all con- 
tinuous deep beams loaded on the up- 
per edge has been developed. In addi- 
tion, an example of an application of 
the method to the design of a continu- 
ous reinforced concrete deep beam is 
given 


Analysis of polygon-shaped slabs 
(Berechnung der Platten in Poly- 
gonalform) 


ZLaTKO Mopor, Der Bauingenieur (Berlin), V 
34, No. 11, Nov. 1959, pp. 427-437 
Reviewed by Aron L. MIRSKy 
Starting with the general case of the 
irregular hexagon, with edges free or 
fully encastré, author then studies the 
triangular slab with three unequal en- 
castré sides and constant thickness un- 
der uniformly distributed load, the 
results for which are given in the form 
of three-dimensional plots of deflec- 
tions, moments, twisting moments, 
transverse forces and boundary pres- 
sures. Finally, charts are given for 
fixed-end moments for isosceles-tri- 
angular slabs under (1) uniformly 
distributed load, (2) load varying lin- 
early along the altitude, (values for 
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other loadings, e.g., trapezoidal, can be 
obtained by superposition). These 
charts, based on calculated values for 
four values of the apical angle (45, 60, 
80, and 120 deg) are intended for de- 
sign use. 


Articulated continuous beam 
REGINALD G. Ropertson, Proceedings, Institu- 
tion of Civil Engineers (London), V. 15, Ses- 
sion 1959-60, Feb. 1960, pp. 105-118 
Reviewed by Aron L. Mirsky 
Author’s previous study of three- 
span beams [Proceedings ICE V. 13, 
Aug. 1959, pp. 467-476; “Current Re- 
views,” ACI JOURNAL, V. 32, No. 1, 
July 1960, (Proceedings, V. 57, p. 114] 
is extended to five-span articulated 
beams and to beams with an infinite 
number of spans either side of the 
central “drop-in” section. Methods and 
charts are developed and presented for 
finding the correct span proportions, 
depths, and (where necessary) haunch 
sizes in both reinforced and prestressed 
concrete; a five-span beam in both 
materials is used as a worked example. 


Determination of the stresses and 
forces in a ferro-concrete slab joined 
to a steel beam due to the reaction 
of the concrete and to the temper- 
ature (in Russian) 


V. N. MASTACHENKO, Trudi Moskovskogo In-ta 
Inzh. Zh.-d. Transp., No. 101, 1958, pp. 81-114; 
Referativnyi Zhurnal Mekhanika (Moscow), 
No. 6, 1959, Rev. 6867 
APPLIED MECHANICS REVIEWS 
V. 13, No. 12, Dec. 1960 
Results are given for the calculations 
of the problems given in the title, the 
method used being that of the plane 
problem in the theory of elasticity, 
while creep is taken into consideration 
where the shrinkage of the concrete 
is concerned. The calculations are car- 
ried out by a procedure previously 
developed by the author [Trudi Mos- 
kovskogo In-ta Inzh. Zh.-dor. Transp. 
1957, (91), pp. 184-220]. Methods are 
indicated which improve the conver- 
gence of the series. Comparing the re- 
sults of the calculations by the pro- 
posed procedure with those obtained 
by methods used by other investigators, 
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the author comes to the conclusion 
that the latter give somewhat high 
values for the corresponding calcu- 
lated magnitudes. 


Foundation vibrations 

F. E. Ricuart, Jr., Proceedings, ASCE, V. 86, 
SM4, Aug. 1960 (Reprinted as Technical Pa- 
per No. 192, Florida Engineering and Indus- 
at Experiment Station, Gainesville, 1960, 34 

Theoretical solutions for the vibra- 
tions of foundations resting on soil 
have been studied and evaluated. For 
vertical vibrations of a machine foun- 
dation, it is usually necessary to use 
the theory for an oscillator resting on 
an elastic semi-infinite body because 
of the important effects introduced by 
oscillations of the soil. This effect be- 
comes of less importance if the force 
of the oscillator varies with the fre- 
quency of rotation. The use of Sung’s 
theory for vertical foundation vibra- 
tions is outlined and curves are pre- 
sented which may be used for analy- 
sis or design. 

By comparison of the ordinary the- 
ory of vibration, which considers the 
spring to be weightless, to the theory 
for an oscillator on semi-infinite elastic 
body, it is shown that the ordinary 
theory is usually satisfactory for de- 
termining the natural frequency for 
the rocking and sliding modes of vi- 
bration of the foundation. 

To evaluate the dynamic character- 
istics of a foundation, it was found 
necessary to determine the shear mo- 
dulus and Poisson’s ratio of the under- 
lying soil. Typical values of these soil 
constants are given and methods for 
establishing them at a particular site 
are described. The shear modulus of a 
granular soil should increase approxi- 
mately with the 1/3 power of the con- 
fining pressure. 

Two examples are included to show 
the details of application of the the- 
oretical methods. A diagram is also 
included which illustrates the possi- 
bility of stiffening the foundation, by 
the use of point-bearing piles to rock, 
to increase the natural frequency of 
vertical vibration. 
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Analysis of prismatic folded struc- 
tures (in Russian) 
Ku. Ku. Lavuitt, Trudi Tallinsk. Politekhn 
In-ta (A), No. 56, 1954, pp. 1-28; Referativnyi 
Zhurnal Mekhanika (Moscow), No. 8, 1958, 
Rev. 9261 
APPLIED MECHANICS REVIEWS 
V. 13, No. 10, Oct. 1960 
Examples are given of the calcula- 
tion of a folded roof, a theatre balcony, 
and a reinforced concrete bunker, to 
illustrate the application of the sug- 
gested method of calculating prismatic 
shells (called the method of approxi- 
mated shear stresses). Critical consid- 
eration is given to the method recently 
proposed by Craemer [H. Craemer, ACI 
JOURNAL, V. 24, No. 8, Feb. 1953 (Pro- 
ceedings, V. 49), p. 549] for the analy- 
sis of prismatic folded structures, and 
the method of Kazinczy (G. Kazinczy, 
Intern. Verein. fiir Brueckenbau und 
Hochbau, 3rd Congress, Liege, 1948) 
for the calculation of folded structures 
in the presence of cracks. 


The theory of a new funicular shal- 
low shell of double curvature 
G. S. Ramaswamy, The Indian Concrete 
Journal (Bombay), V. 34, No. 9, Sept. 196C, 
pp. 336-341, 367-368 
AUTHOR’S SUMMARY 
In the design of shells of double 
curvature for roofs, the usual proce- 
dure is to select the shape of the shell 
first and carry out a stress analysis 
later. This illogical method often leads 
to lengthy and tedious calculations. In 
this paper, the process is reversed. A 
desired state of stress — compression 
throughout the shell is assumed and 
the corresponding shape of the surface 
is derived. It is thus possible to do 
away with stress analysis altogether. 
This approach has resulted in the de- 
velopment of a new shallow shell of 
double curvature which may be de- 
scribed as a funicular shell. The shape 
of such shells to suit any given boun- 
dary geometry can be found with com- 
parative ease using analytical or ex- 
perimental methods. Equations to the 
surface of such a shell over rectangular, 
square, elliptical, circular, and tri- 
angular ground plans, being the most 
common, are discussed in detail. Com- 
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prehensive tables for setting them out 
are given. It is shown that shells of 
this type behave as two independent 
systems of arches at right angles. This 
result makes it possible to reduce the 
problem to one of arch analysis and 
develop an approximate bending theory. 


Various instability modes of the 
fixed base column 


D. A. Sawyer, Proceedings, ASCE, V. 86, ST7, 
July 1960 (Reprinted as Technical Paper No 
191, Florida Engineering and Industrial Ex- 
periment Station, Gainesville, 1960, 19 pp.) 

Equations are presented for the 
critical buckling load of a column, 
fixed at its base and loaded at its upper 
end, under a variety of conditions. The 
case of the column loaded at its upper 
end through a frictionless roller is 
believed to be presented here for the 
first time. A column loaded at its 
upper end through a pinned link has 
appeared rather obscurely in the liter- 
ature. This case is developed and ex- 
panded for comparison with the sim- 
ilar case of loading through a roller. 
The columns of a lift-slab operation 
are loaded by hanging links. Equations 
that have possible application in this 
field are derived. 


General theory for the calculation 
of reinforced concrete with special 
regard to the properties of the re- 
inforcement at fracture (in Scan- 
dinavian) 
H. GRANHOLM, Transactions, Chalmers Uni- 
versity of Technology (Gothenburg), No. 209, 
1959, 228 pp 
APPLIED MECHANICS REVIEWS 
V. 13, No. 11, Nov. 1960 
Starting with a description of the 
more recent results in testing of con- 
crete beams and columns, the beha- 
vior of concrete in compression is dis- 
cussed. Formulas for the failure mo- 
ment, etc., are deduced using an ideal- 
ized constant compression zone. The 
stress and the depth of the compres- 
sion zone are found by requiring that 
the calculation shall give moments, 
etc., identical to the results when us- 
ing the actual compression and strain 
In concrete 
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The results given by this method are 
compared with those from a number 
of tests. The agreement is fairly good. 

Further on the treatise contains some 
interesting reflections on the factor of 
safety. Factors include variation in 
concrete and steel quality, probable 
increase in loads in the future and 
type of loads 

The last part of the book gives sim- 
ple formulas for dimensioning of con- 
crete beams and other elements. 


Materials 


The effect of calcium chloride upon 
the corrosion of steel in concrete 
(Die Auswirkung von Kalziumchlo- 
rid auf das Korrosionsverhalten von 
Stahl in Beton) 


A. Bageume., Beton-Herstellung und Verwen- 
dung (Diisseldorf), V. 10, No. 6, June 1960, 
pp. 256-259 
Reviewed by Ferpinanp S. Rostasy 
The protection of steel against cor- 
rosion in concrete is not due to the 
fact that oxygen is prevented to con- 
tact the steel. It is a thin layer of iron 
oxide which prevents the corrosion 
and makes the steel passive. If this 
layer is destroyed corrosion starts de- 
spite a dense concrete cover. Such de- 
struction is possible through the activ- 
ating effect of calcium chloride. Author 
describes a method which permits, 
after short time, judgment as_ to 
whether steel embedded in concrete 
made of a certain cement will be at- 
tacked. Corrosion depends on the ce- 
ment type. High-alumina content of 
the cement is beneficial because the 
dangerous chlorine ions are to a great 
extent chemically bound as Friedel’s 
salt. If concrete is cured moist increas- 
ingly more chlorine ions will be bound, 
while during dry storage they stay 
active. A decrease of the water-cement 
ratio increases the danger of attack. 
Corrosion will be possible if there are 
differences in moisture in the structure, 
or if repair work is done with fresh 
concrete having a high CaCle admix- 
ture, or if two types of cement are 
used in a two-layer job, the one having 
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a low C;:A content. Several types of 
corrosion of prestressing steel are de- 
scribed. Maximum admixtures of CaCley 
for reinforced concrete for different 
types of cement are given. 


Some causes of bloating in expanded 
clay and shale aggregates 


R. D. Hitz, and D. N. Crook, Australian Jour- 
nal of Applied Science (Meibourne), V. 11 
No. 3, Sept. 1960, pp. 374-384 


AUTHORS’ SUMMARY 


The mechanism of bloating has been 
studied in a number of clays and shales 
which could be bloated in the rotary 
kiln. The most common gas-producing 
reaction was found to be the reduction 
of iron oxide to the ferrous state; in the 
samples studied the evolution of car- 
bon dioxide from carbonates was not 
important. The ferrous oxide can be 
combined as magnetite or fayalite, or 
may be dissolved in a glass. Elemental 
sulfur derived from the reaction of 
ferrous sulphide with oxygen was also 
a cause of bloating. Requirements for 
good bloating are from 3 to 10 percent 
of alkali and alkaline earth oxides and 
from 5 to 15 percent of iron oxide. 


Some effects of aging on the sur- 
tace area of portland cement paste 
C. M. Hunt, L. A. Tomes, and R. L. BLAINe, 
Journal of Research, National Bureau of 
Standards, V. 64A, No. 2, 1960, pp. 163-169 
AUTHORS’ SUMMARY 
A hardened cement paste cured at 
room temperature, from which part of 
the evaporable water has been removed 
by vacuum drying, has been studied. 
The surface area has been shown to 
decrease with time depending on the 
amount of evaporable water left in 
the paste. This change is the opposite 
of that usually observed during hy- 
dration and probably represents some 
colloidal growth phenomena analogous 
to aging observed in other colloidal 
gels. Both water vapor and nitrogen 
adsorption measurements have been 
used to show the effects of aging in 
cement paste. Wet or dry paste is shown 
to undergo less change than paste of 
intermediate evaporable water con- 
tent, so that if surface area after stor- 
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age is plotted as a function of evap- 
orable water content, a curve with a 
minimum is obtained. With increasing 
storage temperature there is some in- 
dication that this minimum might shift 
towards lower water content. Aging is 
shown to occur during the initial dry- 
ing of a cement paste, so that even the 
initial surface area of a cement paste 
depends on the manner in which the 
paste has been dried. 


Modern applications of asbestos- 
cement (in Dutch) 


D. SALOMONS, 


Cement (Amsterdam), V. 12 
No. 8, Apr 717 


1960, pp. 712-717 

Reviewed by Joun W. T. VAN Ent 
The historical background and prop- 

erties of asbestos are reviewed and the 

use of its fibers in combination with 

cement. Properties of the final product 

are described, also manufacturing pro- 


cesses and the many products into 
which it is fabricated among them 
flat sheets; corrugated, textured, and 
colored sheets; tubing; square ducts; 
and insulating panels. Its widespread 


use is due mainly to its durability and 
low cost. Originally used for industrial 
and utilitarian construction, it is 
more and more for high quality 
such as 
which 

shown 


used 
work 
applications of 
examples are 


architectural 


many striking 


Pneumatically applied air-entrained 
concrete (in Dutch) 


H. J 
No. 10, 


Stoxvis, Cement (Amsterdam), V. 12 
Aug. 1960, pp. 894-896 
Reviewed by Joun W. T. VAN Erp 
Describes properties and use of mor- 
tars and concrete called Aerocem, ap- 
plied by airgun. Air-entraining agent 
called Teepol 480 is used, in greate! 
quantities where good insulating prop- 
erty is desired. Good fire resistance, ad- 
hesion, low water absorption, resistance 
to frost damage are obtained. Success- 
ful repair of deteriorated structures is 
described. Wire mesh is used in thick- 
nesses over 1% in., as is also done for 
Ma- 


are 


all encasement of structural steel 
terials 
given 


testing laboratory’s data 
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Method for producing cement of 
high early strength (in Hungarian) 
Report No. 114, Epitéanyagipari K6zponti 
Kutato Intézet (Central Research Institute 
for the Building Materials Industry), 26 pp 
HUNGARIAN TECHNICAL ABSTRACTS 
V. 12, No. 3, 1960 
The report deals with the finish- 
grinding of various cements, testing 
the granulometric composition as well 
as the strength of the ground products. 
The effect of 60-micron and 3-micron 
cement fractions was investigated by 
means of substitution with glass pow- 
der. The 60-micron fraction may be 
considered inert from the viewpoint of 
both early strength and 28-day strength. 
The rate of solidification of the portion 
below 3 microns was very high, how- 
ever final strength was low. Investi- 
gations on finish-grinding and on the 
individual fractions showed the most 
valuable portion of cement to be the 
3- to 30-micron fractions. A certain 
proportion of granules not exceeding 
3 microns was required as well to 
obtain high early strength. An ade- 
quate granulometric composition was 
obtained by grinding clinker in a closed 
cycle or by the finish-grinding of ce- 
ment in a vibrating mill. 


Use of small specimens in cement 
testing 


J. A. Forrester and R. A. Keen, Journal of 

Applied Chemistry (London), V. 10, Part 9 
Sept. 1960, pp. 258-365 

HIGHWAY RESEARCH ABSTRACTS 

’ 30, No. 10, Nov. 1960 


It is sometimes necessary and often 
advantageous to make tests of cement 
on small specimens, and several tech- 
niques have been developed. The vari- 
ous methods which have been used and 
have been described are summarized. 

There is no standard method for the 
testing of small specimens, and each 
technique must be judged on its own 
merits. Half-inch vibrated mortar 
cubes can be used for comparing hy- 
draulic values of cements when a lim- 
ited amount of material is available, 
or when an inexpensive testing proce- 
dure is required for purposes of control 
or preliminary testing. These small 


cubes can also produce quick results 
when the deterioration in strength of 
hydrated cements in aggressive solu- 
tions is studied. 

Where larger specimens can be tol- 
erated and a full-sized testing machine 
is already available, 1-in. mortar cubes 
are probably to be preferred for com- 
paring hydraulic values of cements. 

The use of mechanical methods of 
mixing and compaction by means of a 
jolting table are possibilities for future 
developments in small-scale testing. 


Local pozzolana used in concrete 
for Koombooloomba Dam 

R. V. Grpps and A. H. Britton, Civil Engineer- 
ing Transactions (Sydney), V. CE2, No. 2 
Sept. 1960, pp. 65-77 

Detailed description, supported by 
experimental results, of the use of a 
natural pozzolan as a partial replace- 
ment for cement in the concrete for 
Koombooloomba Dam, Australia. 

Part I describes the testing, manufac- 
ture, and production costs of the poz- 
zolan. 

Part II outlines the practical aspects 
of the manufacture and use of Tully 
pozzolan and details results of inves- 
tigation work carried out in the Koom- 
booloomba Laboratory and by other 
authorities during construction of the 
dam 


ASTM standards on mineral aggre- 
gates and concrete (with selected 
highway materials) 


ASTM Commniurttee C-9 and ASTM ComMmMiITTEE 
D-4, American Society for Testing Materials, 
a 9th Edition, Oct. 1960, 396 pp., 

This book includes all of the stand- 
ards prepared by ASTM Committee 
C-9 on Concrete and Concrete Aggre- 
gates, but only those for aggregates and 
other selected highway materials de- 
veloped by ASTM Committee D-4 on 
toad and Paving Materials. In addi- 
tion it contains pertinent specifications 
for cement which are under the juris- 
diction of Committee C-1 on Cement 

The book contains 134 standard spe- 
cifications, methods of test, recom- 
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mended practices, and definitions of 
terms for mineral aggregates, concrete, 
concrete curing materials, expansion 
joint fillers, reinforcing steel, paving 
block and brick, and bituminous and 
nonbituminous road materials. Of these 
standards 50 are new, revised, or have 
had their status changed since the 
1958 edition was published. 
Hydrothermal reactions between 
lime and aggregate fines 
H. G. Mipciey and S. K. Cuopra, Magazine of 
Concrete Research (London), V. 12, No. 35, 
July 1960, pp. 73-82 
AvutTHors’ SUMMARY 
Hydrothermal reactions between lime 
and aggregate such as pulverized fuel 
ash, expanded colliery shale, ground 
quartz, granulated and foamed blast 
furnace slag have been studied. The 
compressive strength and mineralogy 
have been determined for various mix- 
tures of lime and aggregate fines auto- 
claved at 160 psi for 2, 6, 16, and 48 
hr. The cementitious minerals identi- 
fied were: tobermorite (calcium sili- 
cate hydrate) and a hydrogarnet when 
the aggregate was pulverized fue! ash 
or shale; tobermorite and zonotlite 
when it was quartz; and poorly crystal- 
line tobermorite (tobermorite gel), di- 
calcium silicate alpha-hydrate, and a 


hydrogarnet when the aggregate was 
slag glass 
When dicalcium silicate alpha-hy- 


drate was the predominant phase, the 
strength of the blocks was lower than 
when tobermorite was the main phase 


Pavements 


Epoxy resin for structural repair of 
concrete pavement 

Witson L. Davis and Evucene Pinkstarr, Pro- 
ceedings, ASCE, V. 86, COl, Feb. 1960, pp 


55-70 
AvuTHORS’ SUMMARY 
Describes tests performed in the 
North Central Division Laboratory of 
Corps of Engineers in formulating 
epoxy that will satisfactorily 
repair surface defects in portland ce- 
ment concrete pavements, that will 
bond the hardened surfaces of concrete 


resins 
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together, and that will bond new con- 
crete to existing concrete. It describes 
also the field application of the result- 
ing epoxy resins. 


Automatic surveying system meas- 
ures runway roughness 


R. S. Brown, Electronics, V. 33, No. 25, June 
17, 1960, pp. 54-56 


Reviewed by Aron L. MIRsKy 


Description of automatic surveying 
device developed for the Air Force, 
which is at least ten times faster than 
any system heretofore known. Using 
a light beam projector and profile 
measuring device, system measures and 
records profile variations at intervals 
of 6 in., with dynamic accuracy better 
than % in. at peak speeds of 15 meas- 
urements per sec. 


British Standard Code of Practice 
CP 2006 (1960). Traffic bearing 
structures — pavings 
Council for Codes of Practice, British Stand- 
ards Institution, London, 1960, 204 pp., 30s 
Roap ABSTRACTS 
V. 27, No. 8, Aug. 1960 
This code deals with the design, con- 
struction, and maintenance of pavings 
for use by all types of road vehicles, 
pedestrians, and aircraft. It is presented 
under the following headings: Part 1 
Design and construction of foundations 
introduction; principles; 
affecting subgrade preparation; sub- 
grade preparation; methods of estimat- 
ing pavement thickness; 
of bases and _  sub-bases; concrete 
haunches; pavings on peat. Part 2. Con- 
crete roads and airfields: introduction; 
materials; concrete; design of concrete 
pavement slabs; methods of construc- 
tion; maintenance and repair of con- 
crete pavements. Part 3. Surfacings 
other than concrete: general; bitumi- 
nous surfacings; grouted macadam; 
water-bound surfacings; surface dress- 
ing using tar, bitumen, 
mixtures or bitumen emulsions; 
chine laying of surfacing materials 
other than concrete. Part 4. Footways, 
cycle tracks and verges: factors affect- 
ing design; types of construction; prep- 
aration of subgrade; 


main factors 


construction 


tar-bitumen 
ma- 


base; surfacings; 
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verges; hard shoulders; curbing; foot- 
way crossings. Part 5. Surface water 
drainage: roads; airfields. Appendices 
are included on concrete mix design 
and on standards of riding quality of 
road and runway surfaces and their 
assessment. 


Successful use of prestressed con- 
crete slabs for road construction in 
communist countries (in German) 
SzaciLLo, Briicke und Strasse, V. 11, No. 10, 
1959, pp. 374-376 
RoapD ABSTRACTS 
V. 27, No. 6, June 1960 
Details are given of the use of pre- 
fabricated slabs in the USSR, China, 
Hungary, Czechoslovakia, and Poland 
(This is a translated version of an 
article which appeared in the Polish 
journal Drogownictwo, Warsaw.) 


Triple-batch paver teamed with slip- 
form 
H. K. Guiippen, Roads and Streets, V. 103, No 
11, Nov. 1960, pp. 45-46, 72,76 

3rief report on the slip-form paving 
method used on 15 miles of Interstate 
25, near Denver, Colo. The pavement 
consists of two to 24-ft lanes of concrete, 
8 in. thick and nonreinforced. Three 
factors are necessary for efficient slip 
(1) uniform trackline 
grade, (2) uniform consistency of con- 


form usage 


crete, and (3) operation must be con- 
tinuous 


Warping stresses and deflections in 
concrete pavements: Part Il 
JosePpH F. WISEMAN, Mitton E. Harr, and 
Geratp A. Leonarps, Proceedings, Highway 
Research Board, V. 39, 1960, pp. 157-172 
AUTHORS’ SUMMARY 

A solution has been obtained for 
stresses and deflections of concrete 
slabs on ground subjected to tempera- 
tures and/or moisture contents which 
decrease linearly with the depth of 
the slab 

The derived equations were pro- 
gramed with the aid of a Compiler 
and solutions were obtained from the 
Datatron 204 digital computer 

Nomographs are presented which 
give the ratios of the maximum stress 
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to the modulus of rupture for a wide 
range of environmental gradients and 
for various combinations of slab sizes 
and thicknesses. The solutions are ob- 
tained for the critical condition which 
develops when the slab is only par- 
tially supported. 

A 12 x 25-ft slab 8 in. thick, resting 
on a soil-cement subbase, was ap- 
propriately instrumented and_ sub- 
jected to temperature gradients under 
controlled conditions. Comparisons be- 
tween computed and measured deflec- 
tions confirm the validity of the new 
theory. 


McPherson test road: Tenth-year 
report 
W. M. Stinctey, Joun D. McNeAL, and R. L 
Peyton, Proceedings, Highway Research Board, 
V. 39, 1960, pp. 191-204 

From AvutTHoRsS’ SUMMARY 

Due to a lack of suitable stone, Kan- 
sas is compelled to use sand-gravel 
aggregates for concrete, and much of 
the concrete produced from these ag- 
gregates is subject to map cracking. 
In most cases this cracking can be 
minimized or delayed by the addition 
of 30 percent limestone, but this is a 
costly material in the western two- 
thirds of the state. The McPherson 
Test Road was built in 1949 to deter- 
mine if less expensive methods might 
prove to be as effective. 

Significant differences exist in the 
behaviors of the test sections. Air en- 
trainment hastened map cracking dur- 
ing the first 5 years, but map cracking 
in air-entrained sections tended to in- 
crease at a slower rate, or cease, during 
the next 5 years. Cement brand, and 
type, is an important variable with 
relation to extent of map cracking, and 
to the time elapsed before it appeared. 
Limestone is still an effective deterrent 
to map cracking, at least with most 
cements used in the test. However, it 
appears that some cements may achieve 
the same degree of map crack inhibi- 
tion without the limestone. 

Flexural strength of test beams 
showed marked seasonal variations in 
the sections containing pozzolans, but 
in general increased through the 10- 
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year period. Test beams representing 
basic aggregate sections declined in 
strength with only minor seasonal vari- 
ations, except that the Type II cement 
section maintained its early strength. 
The sections which included crushed 
limestone did not fluctuate markedly 
in flexural strength and showed small 
gains over the 10 years. Transverse and 
longitudinal cracks appeared earlier 
and were more extensive in some poz- 
zolan sections, although the basic ag- 
gregate sections with considerable 
early cracking became so map cracked 
that structural cracks tended to be 
obscured. 

Although this report covers the pro- 
jected 10-year period, and is considered 
a summary of the final report, it is 
planned to keep the test under 
servation for the life of the road 


ob- 


Final report on durability project, 
Michigan test road 
C. C. Ruopes and E. A. FInney, Proceedings, 
ane Research Board, V. 39, 1960, pp 
_—rr AuTHoRS’ SUMMARY 
The durability project of the Mich- 
igan Test Road (built in 1940) was 
designed to study the effect of various 
factors on the durability of concrete 
in service. The study included both 
materials and operations, principally 
the following factors: (1) proportion- 
ing and grading of aggregates; (2) var- 
ious types of additives, including plas- 
ticizers and air-entraining agents; (3) 
blends of portland with natural cement 
produced with and without a grinding 
aid; (4) limestone aggregates in vari- 
ous combinations and gradings; and 
(5) finishing and curing. Supplemen- 
tary laboratory studies preceded and 
accompanied the construction and eval- 
uation of the pavement. Several inci- 
dental studies were also carried out 
in connection with the construction of 
the project, and accelerated scaling 
tests were performed on the test areas 
during the first two winters after con- 
struction. 


The most outstanding result was the 
early verification of the beneficial ef- 
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fect of air entrainment on the dura- 
bility of concrete, which led to the 
decision in 1943 to use air-entrained 
concrete in all Michigan pavements 
Blending plain natural cement 
portland cement improved 
sistance considerably, but the effect of 


with 


scale re- 


the natural cement was magnified when 
beef tallow had been added as a grind- 


ing aid. The accelerated scaling tests 
indicated that for the mixtures used 


limestone aggregates were conducive 
that adding 
dust tended to aggravate the condition 
rather than relieve it. In fact, the ad- 
dition of fines in general produced no 
improvement in durability. Curing 
methods had little influence on ulti- 
mate durability, but the bituminous 
and transparent membranes caused un- 
desirable temperature effects in the 
concrete. In the finishing study, broom- 
ing was moderately beneficial but not 
greatly superior to burlap finishing in 
its effect on 


to scaling and limestone 


resistance to scaling. 
The relative performance of the ex- 
perimental sections of the pavement 
during the first 17 years of service 
generally followed the pattern set in 
the early accelerated durability 
the air-entrained concretes exceeded 
all others in durability and the sections 
with limestone aggregates 
first to require resurfacing 


tests; 


were the 


Precast Concrete 


Production and application of con- 
crete, reinforced concrete and as- 
bestos-cement pipes (Herstellung 
und Verwendung von Beton-, Stahl- 
beton- und Asbestzement-Rohren) 


W. Ritter Von MENG, Beton-Herstellung und 
Verwendung (Diisseldorf), V. 10, No. 6, June 
1960, pp. 245-255 

Reviewed by FEerpINANp S 


ROSTASY 


In the introduction the author 
a_ short 


Pives 
review of the uss 
of concrete pipes. This is followed by 
a description of the 
duction methods, 
to the mode of 
hand 
compaction by 


historical 
customary pro- 
classified according 
compaction 
machine 


such as 
rodding, compaction, 


external and spud vi- 
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brators, compaction by centrifugal 
force, and vacuum concrete method. 
Main requirement of the concrete is 
resistance against aggressive water. 
Concrete technological principles to 
guarantee this are outlined. Curing 
conditions are of great importance 

General construction principles for 
concrete pipelines are discussed, such 
as transport, choice of cross section, 
slope of pipeline, connections and 
branch pieces. Summarizing, the Ger- 
man specifications are repeated. Con- 
crete pipes are permitted without any 
further protective surface for any kind 
of sewage having a ph-value 6. Ab- 
solute water-tightness and absence of 
cracks are required. Test procedures 
concerning water-tightness are de- 
scribed 

Asbestos-cement pipes have been in 
use since 1899. The qualities of the 
asbestos, of the cements used, and of 
the finished product, as well as the 
production are described in detail. The 
behavior under internal pressure, ex- 
ternal loads and in aggressive water 
is discussed 


Cathodic protection of prestressed 
concrete pipe 
M. Unz, Corrosion, V.16, June 1960, pp. 123-131 
3ATTELLE TECHNICAL REVIEW 
V. 9, No. 9, Sept. 1960 
Prestressed concrete pipe has the 
reinforcement either partly embedded 
in the concrete core or totally placed 
over the core under a cement mortar 
cover. The lines have the advantage of 
being suitable for cathodic protection. 
The feeding points must be spaced 
closer due to stronger attenuation. 


Silos built of prefabricated elements 
(Prefabrication de silos a argile 
cuite) 
W. ZaLewsk!, La Technique Modern-Construc- 
tion Paris), V. 15, No. 8, Aug. 1960, pp. 314- 
- Reviewed by ALEXANDER M. TURITZIN 
An account is given of the construc- 
tion of a series of silos of reinforced 
concrete prefabricated elements for the 
storage of baked clay in Poland. After 


a comparative study between the cast- 
in-place and the prefabricated method 
of construction, it was found that the 
latter resulted in substantial saving 
in labor and material. Construction 
with prefabricated elements permitted 
mechanizing the project, placing con- 
crete in better conditions, and assem- 
bling and erecting the structure in 
cold weather at temperatures well be- 
low OC. 

The author emphasizes that prefab- 
rication does not simply consist of 
cutting the structure into a certain 
number of elements and joining them 
together. It must be preceded by a 
thorough study of the project with 
regard to stability and the sequence 
of erection. 


Precast bridge beams: Standard sec- 
tions 


Engineering (London), V. 190, No. 4927, Sept. 
23, 1960, p. 412 


Standardised bridge beams in pre- 
stressed concrete 
The Engineer (London), V. 210, No. 5461, 
Sept. 23, 1960, p. 507 
Reviewed by Aron L. Mirsky 
Brief descriptions, with drawings, of 
group of standardized precast pre- 
stressed bridge beams, designed for 
British highway loadings. Only two 
sets of forms are required, one for 
spans of 25-35 ft (two sections) and 
the other for spans up to 55 ft (five 
sections); these ranges differ only in 
depth of web, the various sections 
within each range differing in depth 
of top flange. 


Prestressed Concrete 


Test on a 120-ft span prestressed 
concrete beam 
G. D 3asE and R. E. Rowe, Proceedings, 
ASCE, V. 86, STS, Sept. 1960, pp. 1-26 
AvuTHORS’ SUMMARY 
Tests to destruction have been car- 
ried out on a 120-ft span prestressed 
concrete beam similar to the beams to 
be used in the construction of a four- 
span overpass at the Chiswick rotary 
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junction. The tests showed that the 
design assumptions with regard to the 
loss of stress due to friction and short- 
term creep, shrinkage, and relaxation 
were valid. The behavior of the beam 
in the working-load range agreed ex- 
cellently with the behavior predicted. 

At ultimate load the beam failed 
by crushing of the concrete in the top 
flange at a deflection of 20 in. The 
calculated ultimate load was 6 percent 
less than the actual failing load; the 
assumptions, on which the ultimate 
load calculations were based, were thus 
fully vindicated. 


Prestressed girder bridges double as 
heavy utility carriers 


Roads and Streets, V. 103, No. 11, Nov 
pp. 69-71 


1960 


Two post-tensioned concrete girder 
bridges are constructed in New York 
City utilizing an interesting design 


feature. The spaces between the girders 
enclose duct areas for an array of util- 
ity lines. The girders are spaced on 
11-ft 6-in. centers and are sheathed on 
the underside by a 6 in. 
concrete slab. 


reinforced 


Use of prestressed concrete for the 
strengthening of the belltowers of 
the Chaise-Dieu Abbey, France (L’- 
utilisation du béton précontraint 
dans la consolidation des clochers 
de la Chaise-Dieu) 


A. J. Donzet, H. Mortin, and M 
Annales, Institut Technique du 
des Travaux Publics (Paris), 
143, Nov. 1959, pp. 1-25 
Reviewed by HENRI PERRIN 


HEMARD, 
Batiment et 
Supplement No 


In 1949 signs of collapse were ob- 
served in the two pillars of the first 
bay of the Abbey, founded in 1043. 
The nave is rather low and the aisles 
are as high as the nave. A big portion 
of the loads were carried by inside 
pillars of polygonal section. After an 
emergency shoring, it was decided to 
divert some of the excess loads to 
the buttresses which shoulder the bell- 
towers. 

Two trusses of prestressed concrete 
were built above the ceiling; their 
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spans are not equal since the trans- 
verse walls are not parallel. 

Numerous showed 
that the transfer of load was performed 
according to the design. 


measurements 


Some aspects of durability and vol- 
ume change of concrete for pre- 
stressing 
Pau. Kuiecer, Journal, Research and Develop- 
ment Laboratories, Portland Cement Associ 
ation, V. 2, No. 3, Sept. 1960, pp. 2-12 
AUTHOR'S SUMMARY 
Describes laboratory tests performed 
to evaluate the resistance to freezing 
and thawing and to de-icer scaling of 
concretes typical of those used in the 
fabrication of 
30th 
trained concretes 
and Type III 
included in this study. The influence 
of various curing procedures was eval- 
uated, both at normal temperature and 
elevated temperature. In addition, the 
effect of a prestress producing 350 to 


prestressed elements. 
and air-en- 
with Type I 
portland cements 


non-air-entrained 
made 
were 


400 psi compression in the concrete on 
the resistance to freezing and thawing 
was determined. 


Lateral buckling strength of pre- 
stressed concrete beams (Stabilité 
élastique des poutres en béton 
précontraint a l’égard du déverse- 
ment latéral 
P. Lesette, Annales, Institut Technique du 
Batiment et des Travaux Publics (Paris), No 
141, Sept. 1959, pp. 779-831 
Reviewed by HENRI PERRIN 
The transaction deals, in connection 
with prestressed concrete, with: 
tic stability of an asymmetrical I-beam 
with constant cross section and elastic 
torsional restraint; lateral bending of 
beams; stability of suspended beams; 
bracing of beams with horizontal guys; 
and effects of restraint on lateral bend- 
ing and stability of continuous beams. 
The relationship between the dead 
load of the beam and the critical tilt- 
ing load does not yield a reliable safety 
factor during erection since buckling 
may without any increase of 
the applied load. This leads to an in- 
vestigation of the various factors, such 


elas- 


occur 
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as inherent crookedness, unknown ec- 
centricity, or torsional restraint, which 
may cause failure. By assuming rea- 
sonable values for each of them one is 
able to determine the stresses likely 
to be reached during erection. A few 
graphs complete a thorough mathe- 
matical investigation. 


Behavior of prestressed concrete un- 
der dynamic loading 
B. W. MarsHALL and A. M. Oze., Journal, 
Prestressed Concrete Institute, V. 5, No. 4, 
Dec. 1960, pp. 74-84 

Describes the dynamic testing of a 
prestressed concrete diving board 20 
in. wide, 25% in. thick, tapered to 1% 
in., and 16 ft long. The free end was 
cantilevered 11 ft. The board was pre- 
tensioned with six “4g in. strands spaced 
3 in. on centers. Data are presented on 
properties and responses of the board 
to the action of diver and static tests 


Prestressed beams shore drydock 
walls 
Engineering News-Record, V. 165, No. 16, Oct 
20, 1960, pp. 42-43 

Brief description of the drydock for 
the Webster St. Tube which will carry 
automotive traffic under the estuary 
between Oakland and Alameda, Calif 
The walls of the 473-ft drydock are 
of timber lagging supported by 50 ft 
prestressed concrete soldier beams 
Sheetpiling keeps estuary water from 
drydock excavation 


Ultimate strength of pretensioned 
I-beams in combined bending and 
shear 


R SETHUNARAYANAN, Magazine of Concrete 
Research (London), V. 12, No. 35, July 1960, 
pp. 83-90 
AUTHOR'S SUMMARY 
Summarizes conclusions drawn from 
tests on pretensioned I-beams without 
web reinforcement. The factors that 
govern the ultimate strength of such 
beams in combined bending and shear, 


and their influence on the mode of 


failure, cracking, and the ultimate load 
are studied. A simple theoretical analy- 
sis is presented for evaluating the ulti- 
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mate strength of I-beams failing by 
crushing of the web. The theoretical 
expression is compared with the test 
results of the author and of other 
workers and shown to result in a fairly 
safe and reasonably accurate estimate 
of the ultimate load. An empirical 
equation is suggested to determine the 
inclined cracking load and the col- 
lapse load for diagonal tension failures. 


Prestressed piles stand unusually 
hard driving 


Contractors and Engineers, V. 57, No. 9, Sept 
1960, pp. 70-73 


Precast beams, joists cast into build- 
ing frame 


Contractors and Engineers, V. 57, N« i, Sept 
1960, pp. 74-76, 81 


Plant is semiportable 
Contractors and Engineers, V. 57, No. 9, Sept 
1960, p. 82 

Prestressed concrete piles required 
25,000 blows to be driven 180 ft to 
coral and sand bearing for Ala Moana 
office building, Honolulu. The 16%- 
and 18-in. octagonal prestressed piles 
were designed for loads of 75 and 125 
tons spaced and 24- and 30-ft centers. 

A special boom, mounted on the ma- 
terials tower, and a pair of dollies 
were used to hoist some 1325 precast, 
prestressed beams and joists weighing 
6500 lb each. 

A unique feature of the project was 
that the four pretensioning beds, 12 ft 
wide and up to 460 ft long, were de- 
signed to be moved when the job was 
completed. 


Cut slope is prestressed with beams 
and anchors 
Engineering News-Record, V. 165, No. 16, Oct 
20, 1960, pp. 52-53 

Emphasizes construction difficulties 
in stabilizing a cut slope at end of 
bridge in Walnut Creek, Contre Costa 
County, Calif. Bridge is 291 ft long, 
five-span concrete structure supported 
by abutments and four reinforced con- 
crete, two-column bents. Three rein- 
forced concrete beams 1 ft 3 in. thick 
and 5 ft wide are prestressed with 1% 
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in. diameter steel rods, 75 ft 
Fourteen pairs of steel rods, 
to 50 tons, load each beam giving the 


long. 
stressed 


soil a resulting pressure up to 3 tons 
per sq ft 


Concrete for prestressed concrete 
structures (Der Beton im Spannbe- 
tonbau) 


R. Joostinc, Schweizer Archiv (Zurich), V 
25, No. 9, Sept. 1959, pp. 347-351 

Reviewed by HENRI PERRIN 

The requirements for high-quality 


concrete as used in a prestressed con- 
crete structure are reviewed: 
characteristics of a few admixtures are 
critically exposed, while the conditions 
of compatibility between cement and 
admixture are outlined. 


the main 


Long span prestressed concrete 
folded plate roofs 
Joun C. Broucu, Jr. and B. H. StTepuHens, Jr., 
Proceedings, ASCE, V. 86, ST10, Oct. 1960, 
pp. 87-108 
AvuTHORS’ SUMMARY 
The design and construction of long 
span prestressed concrete folded plate 
structures are presented. The econom- 


ics of such design is indicated by in- 
cluding actual construction costs of 
four roof structures. A simplified de- 


sign procedure is outlined and a typical 
case presented. Field experience with 
construction methods utilized and rec- 
ommendations for field inspections are 
included based on the authors’ obser- 
vations 


Safety against development of 
cracks in edge zones of periodically 
prestressed deep beams (Die Risse- 
sicherheit in den Randzonen period- 
isch vorgespannter Scheiben) 


W. Scuieen, Beton und Stahlbetonbau 
lin), V. 55, No. 4, Apr. 1960, pp. 93-95 
Reviewed by Rupo._pn SzILarp 


(Ber- 


The prestressing of deep beams using 
numerous individual prestressing ca- 
bles produces tensile stresses in the 
direction perpendicular to the pre- 
stressing. To prevent the development 
of cracks, prestressing in two direc- 
tions is required. The paper deals with 
the determination of such stresses uti- 
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lizing the Fourier-series solution of the 
differential equations. A numerical ex- 
ample shows the practical use of the 
derived formula. 


Properties of Concrete 


Influence of the type of cement on 
its cracking tendency 
A. De Sousa Coutrnno, RILEM Bulletin (Pa- 
ris), No. 5, New Series, Dec. 1959, pp. 26-40 
AUTHOR’S SUMMARY 
This paper is a sequence to one pub- 
lished 4 cracking 
tendency of and 
concretes. It is mainly concerned with 
the cracking tendency of natural ce- 
ment, standard portland cement, high- 
early-strength cement, and aluminous 


years ago on the 


cements, mortars, 


cement. 

The cracking tendency is measured 
by the cracking of 
around 


mortar rings cast 
and by the 


stress set up in these restrained shrink- 


metallic rings 


age rings. 


From the tests described the follow- 


ing conclusions are drawn: (1) Nat- 
ural cement, as well as concrete pre- 
pared with it, has an extremely low 
cracking tendency. (2) High-early- 
strength portland cement has a high 
cracking tendency due to its slight 
creep (or relaxation). Concrete pre- 


pared with it has a greater cracking 
tendency than that prepared with nor- 
mal portland cement. (3) Aluminous 
cement has the greatest cracking tend- 
ency of all the due to its 
extremely small creep and to the very 
initial 
portland 
tendency 


cements, 


large increase of its 
(4) Normal 
cracking 


shrinkage 
cement has a 
intermediate be- 


tween that of natural cement and of 
aluminous or high-early-strength ce- 
ment. But, its cracking tendency grows 


higher as its strength 

A relationship is 
the strength of the cement and its 
creep. In the previous paper, a 
tion was established between the creep 
and the rupture 
this concrete 

Based on this study it is stated that 
in a concrete, the greater the 


increases. 
deduced between 
rela- 


¢ 


of concrete stress of 


rupture 
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strength, the lower the creep and the 
greater the stress set up in restrained 
shrinkage. But, when a given parame- 
ter changes—such as the cement or the 
the 
the rupture stress in- 
creases more rapidly then the stresses 
set up in a specimen under restrained 
and_ the 


water dosage, maximum size of 


aggregate, etc 


shrinkage, possibilities of 


cracking are reduced accordingly 
Hence, the general conclusion: in 


concrete, the greater the strength the 


lower the cracking tendency; in ce- 
ment, the greater the strength, the 


higher the cracking tendency 


On the specific surface of pulveru- 
lent matters (Sur la Surface Speci- 
fique des Matieres Pulverulentes) 
A. ILANTzIs, Revue des Matériaux (Paris), No 
5934, Mar. 1960, pp. 59-66 


Reviewed by Pxtitiie L. MELVILLE 


Blaine 
(ASTM 


The theoretical 
air permeability 


the 
apparatus 


basis of 


C 204) is reviewed and a maximum 
error of 2.7 percent resulting from 
an absolute determination of its con- 


stant is computed. The computation is 
checked using different liquids and 
geometrical forms. The constant of an 


apparatus is computed as accurately as 
a standard powder had been used 


Plasticity and plastic flow (Plasticité 
et fluage) 
G. CotonnettT1, Annales, Institut Technique du 
3aAtiment et des Travaux Publics (Paris), 
No. 142, Oct. 1959, pp. 1075-1087 

Reviewed by HENRI PERRIN 
the 
distinction between elastic and plastic 


Author, after restating classical 
deformations, emphasizes how far from 
reality this both 
types of each 
other 
are also functions ol 


distinction is since 


deformation react on 
the 


conditions 


deformations 
which 


Furthermore, 


may have been previously imposed on 
the material. This stems from the con- 
cept of a “heredity factor: f’ (Volter- 


ra’s factor), assumed to be 


constant 
for a homogeneous body 

The notion of hysteretic cycles is also 
presented for a homogeneous’ body 
subject to an 


Author 


alternate loading condi- 


‘ 
ION 
ViOTtl 


applies then his proposed 
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theory to a homogeneous prismatic 
beam subject to simple bending, also 
to statically indeterminate beams and 


finally to heterogeneous bodies. 


New machine for the fatigue test- 
ing of reinforced concrete beams, 
and some preliminary results 
W. J. Larnacu, Magazine of Concrete Research 
(London), V. 12, No. 36, Nov. 1960, pp. 171-176 
AUTHOR’s SUMMARY 
Describes the construction and op- 
eration of an hydraulically operated 
fatigue machine of 5 tons capacity for 
tests in bending or compression. The 
machine proved long pe- 
riods of service with the minimum of 


capable of 


attention 

A series of fatigue tests in bending 
on normally reinforced concrete beams 
indicated that high proportions of the 
static failing load could be applied as 
many as 300,000 times without signifi- 
cantly altering the ultimate strength 
of the beams 


A test method for air entrainment 
of standard Ottawa sand 
Martin R. DeFore and Haroip J. Conran, ASTM 
Bulletin, No. 248, Sept. 1960, pp. 48, 53-55 
AUTHORS’ SUMMARY 
Tests indicated that standard Ottawa 
sand from different contributed 
in varying degree to the amount of air 
entrained in the air entrainment test 
for portland cement. Washing and dry- 
ing the sand resulted in 
for air entrainment in 
especially with non-air-en- 
training cements. The weights of 400- 
ml samples of sand-water mixtures 
were used to evaluate the air-entrain- 
ing properties of the sand. Studies of 
different methods of washing and dry- 
ing the sand procedure 
whereby better reproducibility was ob- 
tained in the determination of the air 
content of the mortar. Repeated wet- 
ting and drying may be necessary. On 


lots 


lower values 
cement-sand 


mortars, 


revealed a 


the basis of these tests it appears that 
400 m1 of a mixture of washed standard 
with 25 percent water should 
792 g when mixed and 


sand 
weigh at least 


placed by standard test procedures 
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Workability of concrete 

L. J. Murpockx, Magazine of Concrete Research 

(London), V. 12, No. 36, Nov. 1960, pp. 135-144 
AUTHOR’s SUMMARY 

An analysis is made of a large num- 
ber of tests for workability as meas- 
ured by the compacting factor, to de- 
termine how workability is related 
to the grading and shape of aggregate, 
the mix proportions, and the water- 
cement ratio. 

An index is developed which takes 
account of the influence of particle 
size on workability, and largely over- 
comes the limitations of the fineness 
modulus and surface area coefficients. 
Similarly, an angularity index is intro- 
duced which is based on a test on the 
aggregate and is shown to take account 
of its shape 

The relation between workability 
and mix proportions is assessed. It is 
established that a proportion of the 
water, equivalent to a water-cement 
ratio of about 0.25, is required to wet 
the cement, and that any additional 
water may be regarded as available 
to make the mix workable. 

An approximate relation is given for 
the calculation of compacting factors, 
and a worked example illustrates the 
use of this relation for mix propor- 
tioning. 


Structural Research 


Buckling of arches (in German) 


A. SCHWERTNER, Acta Technica, 
Scientiarum Hungaricae 
No. 1/2, 1959, pp. 175-189 
APPLIED MECHANICS REVIEWS 

V. 13, No. 9, Sept. 1960 


Academiae 
(Budapest), V. 26, 


Author deduced a new method for 
static and dynamic calculation of beams 
and of buckling. The essence of the 
method is that a beam only loaded at 
its ends is replaced by an elastic point, 
and such points are joined in different 
ways parallel to each other and in 
series. The present paper dealing with 
an arch built-in at both ends, completes 
his preceding papers on the method in 
question. In his examples author deter- 
mined the critical load of a test-arch 
made from spring steel and of a rein- 
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forced concrete arch. It is unfortunate 
that the results obtained were not con- 
firmed by tests. 


Shear transfer can be simple 
Homer M. Haptey, Engineering News-Record 
V. 164, No. 21, May 26, 1960, pp. 45-46 


This short article gives the results 


of exploratory tests to demonstrate that 


shear transfer to provide composite 
action between steel bridges and con- 
crete decks can be simple. Two tests 


run with beads or buttons of 
weld metal to provide shear transfer 
Both tests provided unit shear stresses 
in excess of 400 psi and neither failed 
in shear. Although very limited this 
test indicates a composite action of an 
effective nature was being obtained 


were 


Lateral buckling problems in hoist- 
ing and erection of slender beams 
(in Swedish) 


Ove Pettersson, Nordisk Betong (Stockho 
V. 4, No. 3, 1960, pp. 231-270 
Reviewed by MARGARET CORBIN 
Deals with lateral buckling 
lems met with in hoisting and erection 
of slender beams and presents the ba- 
sic equation for the angle of rotation 
@ in the position of equilibrium in- 
volving a spatial deflection which is 
associated with lateral buckling. This 
equation which is valid on the assump- 
tion that the material is elastic and 
homogeneous, is solved to determine 
the lateral buckling load on a beam 
which is suspended by means of ropes, 
and which is acted on by dead load, 
in the following cases: (a) beam with 
cross section which is constant and free 
to warp; (b) beam with cross section 
which is free to warp and varies lin- 


prob- 


early in depth; (c) beam with cross 
section which is constant, monosym- 
metrical, and not free to warp. The 


lateral buckling loads of beams on sup- 
ports prevented from torsion are also 
determined in a somewhat more gen- 
eral case of loading where the dead 
load is combined with a uniformly dis- 
tributed load applied at any arbitrary 
height above the axis of gravity of the 
beam. 





< 
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Reinforced concrete shear wall as- 
semblies 
Jack R. BENJAMIN and Harry A. WILLIAMS 
Proceedings, ASCE, V. 86, ST8, Aug. 1960, 
oN AuTHORS’ SUMMARY 

Gives the results of an investigation 
of one-story and two-story reinforced 
concrete shear wall assemblies. Tests 
were made on four one-story models 
with parallel shear walls connected by 
a reinforced concrete diaphragm. Loads 
were applied to the diaphragm, and 
three separate diaphragm tests were 
then made. Following these tests, two 
one-story specimens with face walls 
were tested. Finally, two two-story 
models were tested. 

Theoretical studies were made fo1 
all tests and practical design approxi- 
mations are suggested. 


Studies of endurance limit and im- 
pact strength of light ferro-concrete 
applied in the design of bridges and 
other structures (in Russian) 
M. A. Yakusovicn, Sbornik Trudov Tbilissk 
Moscow), No. 30, 1956, pp. 96-122 
APPLIED MECHANICS REVIEWS 
Oct. 1959 
Tests carried out by the author, in 
cooperation with M. V. Kandelak, on 
repeated loading (up to 2,000,000 cy- 
cles) showed that the endurance of 
pumice concrete to a compressive stress 
of 60-80 kg per sq cm is no lower than 
the endurance of heavy concrete of a 
higher grade. In 1952 Sukhum carried 
out endurance tests on a_ spongolite 
ferro-concrete beam with a span of 
30 m made from Russian grade M-170 
concrete. With an amplitude of vibra- 
tion which corresponded to the deflec- 
tion of the structure due to the working 
load, the beam (at a frequency of 3-4 
Hertz) withstood 2 x 10 test cycles 
without suffering injury. When the 
amplitude of vibration was doubled, 
fracture took place after 280,000 cycles 
(jointly with the rupture of the tensile 
reinforcement in the center of the 
span). It was established that for auto- 
mobile road bridges 4-17 m wide made 
with pumice, tufa, and spongolite of 


grades M-150 to 170, the dynamic co- 
efficient ensuing from the action of 
the working load was found to have 
a mean of 1.2. Test results from struc- 
tures subjected to impact loading are 
presented; also presented are values of 
the relative deflections, due to working 
load, of beam and arch type light ferro- 
concrete bridges. It would seem that 
the “generalized” formulas recom- 
mended by the author cannot pretend 
to claim great accuracy or universality 
of application, because the formulas do 
not take into account such factors as 
creep and shrinkage of lightweight 
concrete, or the relaxation of stresses 
in the reinforcement. 


Report of flexural test on 8 ft length 
of 36-in. reinforced concrete pipe— 
ASTM C 76-56, Table 1 


Cc. J. Ctaywortn, Concrete Pipe News, V. 12 
No. 7, July 1960, pp. 75-79 

Purpose of test was to provide em- 
pirical criteria for evaluating the abil- 
ity of 8 ft long, 36 in. reinforced 
concrete pipe to resist bending mo- 
ment. Ultimate failure of specimen was 
result of progressive crushing at the 
ends, over the supports. 


Crack and deformation similitude in 
reinforced concrete 
J. Ferry Borces and J. Arca © Lima, RILEM 
Bulletin (Paris), No. 7, New Series, June 
1960, pp. 79-90 

AUTHOR'S SUMMARY 

Similitude conditions for crack and 
deformation in reinforced concrete are 
both theoretically and experimentally, 
analyzed, it being sought to define, 
the conditions to be fulfilled by the 
models, in order that sufficiently re- 
liable representation of the phenomena 
to be studied can be obtained. 

It is shown that it is possible, as a 
rule, to reproduce usual structures by 
makings models to adequate scales 
with the same materials as the proto- 
types, i.e., concrete and steel. Phe- 
nomena of cracking deformation and 
rupture can be studied in the models 
obtained. This is confirmed by the re- 
sults presented which concern bending 
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tests of similar beams to different 
scales. 
Test on reinforced concrete models 


are useful, not only for solving definite 
design problems, but also for obtaining 
data for developing theories, notably 
on cracking phenomena. 


Lateral buckling of slender rein- 
forced concrete beams 


A. Srev, Magazine of Concrete Research 

(London), V. 12, No. 36, Nov. 1960, pp. 155- 
164 

AUTHOR'S SUMMARY 

A brief summary is given of the 


theory of buckling for homogeneous 


materials, with special reference to 
reinforced concrete, account being 
taken of variations in shape and in 
loading. The method involves the de- 
termination of the flexural and tor- 
sional rigidities in the uncracked, 
cracked elastic, and cracked plastic 
states. 

Tests were made on two series of 


beams: six of rectangular section (1 
x 16 in.), and four inverted L-beams. 

It is concluded that the span-width 
ratio is not the only factor affecting 
buckling; the width-height ratio and 
the percentage of reinforcement and 
its distribution are of equal importance 


Cracking of reinforced 
structures (in Hungarian) 


G. NEMEsSKERI-Kiss, Mélyépitéstudomadnyi K6éz- 


concrete 


lony, V. 9, No. 11, 1959, pp. 514-530 
HUNGARIAN TECHNICAL ABSTRACTS 
J. 12, No. 3, 1960 
Earlier reinforced concrete design 


specifications for reinforced concrete 
railway bridge structures aimed at the 
complete elimination of cracking. This 
resulted in considerable structural 
depth, the load-bearing capacity of the 
building materials was not fully ex- 
ploited, and reinforced concrete struc- 
tures became oversized. On the basis 
of theoretical considerations relating to 
the development of cracks, a series of 
tests was carried out to study the be- 
havior of deformed, helically ribbed 
Hungarian reinforcing steels. In these 
experiments the development of cracks 


in simply supported reinforced con- 
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crete beams subject to static as well 
as dynamic bending loads was exam- 
ined. Cracks were recorded immedi- 
ately after each loading cycle; width 
of the cracks, deflection of the beams, 
and magnitude of the strains were 
measured. Experiments verified that 
under identical conditions the width of 
cracks developed in concrete beams 
reinforced with deformed steel is sig- 
nificantly smaller than in case of 
round bars. Experience has 
proved that the maximum permissible 
span of railway trough bridges can 
be increased and the structural height 
of bridge structures of different spans 
ean be reduced. 


smooth 


Use of models of reinforced con- 
crete structures 


EMANUELE FUMAGALLI, Magazine of Concrete 


Research (London), V. 12, No. 35, July 1960 
pp. 63-72 
Discusses the use of models to de- 


behavior of full-scale 
structures in reinforced concrete, with 
particular reference to work 
done at the ISMES laboratories in 
Bergamo, Italy 


termine the 


recent 


Distribution of stress in anchor 
blocks 
R. E. Rowe and J. ZIELINSKI, Engineering 


(London), V. 189, No 
347-348 


4899, Mar. 11, 1960, pp 
Reviewed by Aron L. Mirsky 


Experiments on 
square various 
single simulating 
the anchorage zone of post-tensioned 
concrete members, show that the max- 
imum tensile 
considerably larger than, and disposed 
differently from, the theoretical values 
Type of anchorage (embedded or ex- 
ternal) method of anchoring the 
wires, does not significantly affect the 
stresses or the ultimate load; the dom- 


simple 
subjected to 


prisms of 
section 


concentrated loads, 


transverse stresses are 


and 


inant factor is the ratio of loaded area 
area of the 
percentage of 

when the 
than 


to cross-sectional 
The 
significant 


prism 
reinforcement is 
contact stresses 
1.9 times the 


concrete 


are smaller about 


cube strength of the 
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A full report, including a design 
method based on this investigation, is 
to be published by the Cement and 
Concrete Association, London.* 

Rowe, R. E., and Zielinski, J., “An Inves- 
tigation of the Stress Distribution in the An- 


chorage Zone of Post-Tensioned Concrete 
Members.” 


Strength and stability of concrete 
constructions (in Russian) 
V. N. Gornov, Gosstroiizdat, Moscow, 1957, 
120 pp. 5r 45k 
APPLIED MECHANICS REVIEWS 
V. 13, No. 11, Nov. 1960 
Results are published of the author’s 
work on investigations of the strength 
of deflecting and eccentrically com- 
pressed lightly reinforced and pure 
concrete construction components. 
Studies were made of a light concrete 
with a volumetric weight of 1.6 to 1.75 
tons per cu m mixed with “Kashirsk”’ 
slag and of a heavy concrete with a 
volumetric weight of 2.1 to 2.5 tons 
per cu m mixed with granite chips 
The mean relative extensibility of the 
concrete for momentary deflection 
tests on 75 beams was 1.8 = 10°; the 
limiting compression of the slag con- 
crete for momentary axial compression 
on 24 prisms was 15 10°. Because 
of the creep in the concrete the limit 
of deflection on 28 concrete beams, 
under loads for a duration of 114 24-hr 
periods continuously, proved to be ap- 
proximately twice as large for the 
heavy concrete and three times as 
large for the slag concrete as the de- 
flections for momentary loads. Obser- 
vations over 4 months disclosed a rela- 
tive shrinkage growth in slag concrete 
reaching a magnitude of 4 x 10 
Formulas are given for the determi- 
nation of the carrying capacity of 
compressed concrete components, the 
formulas being based on the assump- 
tion that the limiting state is charac- 
terized by the appearance of the first 
power cracks in the danger section of 
the component, which takes into ac- 
count the initial eccentricity in the 
application of the load and the limit- 
ing extensibility of the concrete. A 
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formula is also furnished for the de- 
termination of the curvature of the 
deflecting component of the concrete 
when consideration is being given to 
the effect of prolonged loading. A com- 
parison of the formulas derived by the 
author with the formulas embodied 
in the existing building standards and 
rules of SN and P shows that the SN 
and P formulas give lower values for 
the breakdown load while the author’s 
formulas agree well with the experi- 
mental data. The creep in concrete 
reduces the carrying capacity of col- 
umns, which justifies to some extent 
the provisions of the SN and P form- 
ulas. 


General 


Possible applications of nuclear mag- 
netic resonance in cement and con- 
crete research 


PauL SELIGMANN, Journal, Research and De- 
velopment Laboratories, Portland Cement 
Association, V. 2, No. 3, Sept. 1960, pp. 20-31 
AUTHOR’s SUMMARY 

Many techniques arising from atomic 
and nuclear physics are finding appli- 
cations in the solution macroscopic 
physical and chemical problems. The 
principles of the recently developed 
nuclear magnetic resonance techniques 
are described. Their potential applica- 
tion in cement and concrete research, 
particularly in studies of the classes 
of water present in the hydrated ce- 
ment paste are examined. The results 
of the only published work on appli- 
cations to cement paste are outlined. 


Reinforcing wire used as heating 
system 
Concrete, V. 68, No. 12, Dec. 1960, pp. 14-15, 25 
Revolutionary heating system, in 
which the reinforcing wire fabric in 
a concrete floor slab also serves as 
the electric heating element. This heat- 
ing system, shortly to be tested near 
Minot, N. D., will be subjected to 40 
degree temperatures. Results are still 
inconclusive but prospects are prom- 
ising 
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Wind pressures in various areas of 
the United States 


Guttorm N. BREKKE, Report 152, Building 
Materials and Structures, National Bureau 
of Standards, U. S. Department of Com- 


merce, Government Printing Office, Wash- 
ington, D. C., Apr. 1959, 8 pp., 15 cents 
BRI ABSTRACTS 
June 1959 
A procedure is described for devel- 
oping a wind-pressure map that shows 
minimum resultant wind pressures (30 
ft above ground) for design purposes. 
It is based on records of annual fastest- 
single-mile wind speeds at 155 U. S. 
Weather Bureau stations. In computing 
resultant wind pressures from these 
data, allowance was made for gusts 
and for building shape. A table of de- 
sign wind pressures at various heights 
from less than 30 to more than 1200 
ft above ground is provided for use 
with the map. Principal sources of 
strong winds affecting building con- 
structions are reviewed briefly. 


Construction in Russia: Report cov- 
ering an educational trip (Bauen in 
Russland, Bericht uber eine Studien- 
reise) 
F. LeonHart, Beton und Stahlbetonbau ({Ber- 
lin), V. 55, No. 4, Apr. 1960, pp. 81-88 
Reviewed by Rupo.px SzILarp 
An interesting summary of the new- 
est developments in reinforced con- 
crete technology in the Soviet Union. 
The new 7-year plan requires the 
erection of 15 million new apartments. 
For such an enormous building pro- 
gram, standardization, precasting, and 
prestressing of all elements is manda- 
tory. The same basic principles have 
been used in construction of factories, 





Note 


Copies of books and articles 
reviewed are not available 
from ACI. Available address- 
es of publishers are listed in 
the June ‘Current Reviews’’ 
each year. In some. cases 
ACI can furnish addresses of 
publications added later 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 











April 1961 
warehouses, and other industrial build- 
ings. The use of structural steel has 
been reduced to a minimum. Prefabri- 
cation and prestressing even for long 
span monumental type bridges (like 
the famous Krasnoholmski Bridge in 
Moscow) is the prevailing trend for 
new bridge constructions. Reinforced 


concrete has been used in building 
a 1660 ft television and radio tower, 


which has been prestressed longitudi- 
nally to take the wind load. Structural 


research is on very advanced level 
covering materials, response to dy- 


namic loading, prestressing without 
bond, the effect of high temperatures, 
and new design. 


Drawing by sandblasting 
Progressive Architecture, V. 41, No. 12, Dec 
1960, pp. 154-157 

Uniformly distributed aggregate con- 
crete was sandblasted at Oslo, exposing 
surface pattern. New 
technique, called Naturbetong, has sat- 
isfactory strength. Addi- 
tional are: all lift marks 
and construction joints can be erased; 
possibility of 


a homogeneous 


compressive 
advantages 


and other 
larities is reduced, and patching does 
not leave visible marks 


voids irregu- 


1958 Progress Report of the Labor- 
atories du Batiment et des Travaux 
Publics (Compte rendu des recher- 
ches des Laboratoires du Batiment 
et des Travaux Publics effectués en 
1958) 


R. L’HERMITE, Annales, Institut Technique du 
Batiment et des Travaux Publics (Paris), No 
139-140, July-Aug 


1959, pp. 737-777 
Reviewed by HENRI PERRIN 
The research projects of the Labora- 
toires du Batiment et des Travaux 
Publics carried on during 1958 are 
summarized in the present publication 
Some of them have not yet reached 
their final stage; their description is 
however useful since it good 
account of the performed progress and 
indicates the trends of future research 
The main items of interest 
ments, concrete, masonry, 
chanics, research 


gives a 


are: ce- 
soil me- 


basic 
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memo from the President: 


ACI in Action 


THE OBJECTIVES OF ACI in stimulating re- 
search and in finding the best ways to do 
concrete work are generally understood and 
perhaps a little taken for granted by many of us. 








Most ACI members are aware of the working 
technical committee organization of ACI which 
embraces over 50 committees and more than 
600 persons working on various assignments 
from the Technical Activities Committee which 
provides over-all guidance. Ten of these com- 
mittees described their progress at one session 
during the recent convention in St. Louis. 

These, together with ACI publications and 
other important actions, are the primary official 
efforts toward attainment of the well-stated 
objectives of ACI. We all subscribe heartily to 
these objectives or we wouldn’t be members; 
but what are we doing as individuals to foster 
and achieve these objectives? 

I would like to suggest that each month, as 
our splendid JOURNAL arrives, we each stop a 
few minutes and ask ourselves what we are 
doing in our own sphere toward getting better 
concrete work. We might consider, for instance, 
depending on our relation to the work, such 
questions as: Can our specifications be made 
more specific with advantage as far as certain 
materials and practices are concerned? Are we 
trusting to luck on inspection or can we do 
more to put it on a dignified well-supported, 
and effective basis, unrelated financially to the 
contractor? Could we be advantageously more 
discriminating in the choice of aggregates and 
require practices insuring greater uniformity as 


} 
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batched? Are we using the most ef- 
ficient amount of the most favorable 
types of cement for the service condi- 
tions of our structure? Have we taken 
the opportunity to learn what many of 
the established reliable admixtures can 
do to improve our concrete? Are we 
using air-entrainment to ensure longer 
life in severe climates? Is it possible 
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forming, placing and finishing? Would 
not more care in curing be worthwhile? 

These and many other questions will 
suggest ways, with potentially bene- 
ficial results ranging from large to 
small, which will create a significant 
over-all movement toward attaining 
the ACI objective of better concrete 
work, if each of us, each month as our 





JOURNAL arrives as a reminder, does 


something about it. 


leurtt Toh 


President 


that a good pozzolan would add some- 
thing to our concrete that cannot be 
otherwise as well obtained? Is there 
something more we can do to require 
and get more uniform mixes, the cor- 
rect slump, and better workmanship in 


pet ee fa Pd d ) Hity i, 
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NEXT YEAR THE UNIVERSITY OF ILLINOIS will have a new tradition-breaking indoor stadium. The 
stadium will be the first of its kind and will essentially comprise an inverted truncated-cone covered 
by a dome. No pillars or columns will be required to support the dome. 

It will be supported by a 400 ft diameter post-tensioned concrete beam integral with the upper 
edge of the truncated cone. The outer circumference of the beam will be wrapped with 600 miles 
of prestressing wire to enable the relatively light structural member to carry the dome. The beam 
will have a cross-sectional area of approximately 20 sq: ft. 

The spectator stands will be erected in stepped fashion directly on the inside surface of the 
conical structure. A 36 ft wide deck will circumscribe the outside perimeter of the concrete cone 
approximately 12 ft from the ground. Spectators will enter the stadium through entrances at this 
elevated level, as well as through ground level approaches. 

The deck will be largely enclosed in glass, as well the space beneath it. A glass wall will slope 
upward from the deck to the stadium wall, and will project downward to the ground to enclose the 
space beneath the deck. 

A special wire winding machine was developed for prestressing the edge beam. The self-propelled 
machine will have two wheels which will ride the top surface of the dome-support ring, and two 
which will ride the outer face. The machine will be guyed to a point at the center of the stadium 
and will travel around the ring 2500 times, wrapping layer after layer of high tensile steel wire. 
The wire will be drawn, as it is wrapped through a die from 0.236 to 0.208 in. in diameter. 

The prestressing operation will apply an initial inward force of 63,700 Ib per ft to enable the 
ring to take the thrust of the dome. 

The new hall will cost approximately $7,750,000. Architects are Harrison & Abramovitz, New York; 
Structural Engineers, Ammann and Whitney, New York; General Contractor, Felmley-Dickerson Co. 
Urbana, Ill.; Prestressing by The Preload Co., Inc., New York. 
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’6l Officers 


Tuthill installed 
as ACI president 


Lewis H. TuTHILL, concrete engineer, Division of Design and Con- 
struction, California State Department of Water Resources, Sacramento, 
was installed as ACI president at the 57th annual convention of the 


Institute held at the Chase-Park 


Plaza Hotels, February 20-23. He 


succeeds Joe W. Kelly, professor of civil engineering, University of 
California, Berkeley. Mr. Tuthill becomes ACI’s chief executive after 2 


years as vice-president. 

Joining ACI in 1926, Mr. Tuthill has 
participated in nearly every phase of 
Institute activity. He has served on 
the Board of Direction and the Tech- 
nical Activities Committee, and has 
chairmanned Committee 604, Winter 
Concreting Methods: Committee 611, 
Inspection of Concrete; and Committee 
614, Recommended Practice in Meas- 
uring, Mixing, and Placing Concrete 
During his chairmanship of these com- 
mittees the following publications were 
issued: ACI Manual of Concrete In- 
spection, 4th Edition: “Recommended 
Practice for Winter Concreting (ACI 
604-56);"" and “Recommended Practice 
for Measuring, Mixing, and Placing 
Concrete (ACI 614-59).” 

He is currently a member of five 
technical committees: Committee 116, 
Nomenclature; Committee 207, Prop- 
erties of Mass Concrete; Committee 
609, Consolidation of Concrete: Com- 
mittee 611, Inspection of Concrete; and 
Committee 621, Aggregates. 

Well known to JOURNAL readers, Mr 
Tuthill has been a frequent contributor 
of technical papers for many years. He 
has prepared or collaborated on about 
15 papers for the JOURNAL. His paper, 
“Concrete Operations in the Concrete 
Ship Program” (ACI JOURNAL, Janu- 
ary, 1945) earned him the ACI Con- 
struction Practice Award. In 1956 he 
and William A. Cordon were awarded 


the Wason Medal for the most meritor- 
ious paper of the year for their joint 
contribution, “Properties and Uses of 
Initially Retarded Concrete.” 

Mr. Tuthill assumed his present po- 
sition in 1956. Previously, he had been 
associated with the Bureau of Recla- 
mation in Denver for 17 years, and 
was chief of the Concrete Laboratory 
when he resigned to join the Cali- 
fornia State Department of Water Re- 
sources 

Since graduation from Oregon State 
College in 1920, Mr. Tuthill has been 
continuously engaged in design and 
construction work on irrigation, water 
supply projects, and the building of 
dams, with the technique and control 
of concrete as his primary interest 


Corbetta is new vice-president 

Roger H. Corbetta, president, Cor- 
betta Construction Co., Inc., New York 
and Chicago, was elected to a 2-year 
term as vice-president. An energetic 
supporter of ACI activities since join- 
ing in 1941, he represents the Institute 
on the Concrete Industry Board of New 
York City, an organization he helped 
found. He served as the CIB’s chairman 
for 5 years 

Mr. Corbetta was a member of the 
ACI Building Committee, 1956-59, and 
was chairman of the local planning 
committee for the Institute’s highly 
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ACI'S BIG THREE FOR ‘61 — (I. to r.) President Lewis H. Tuthill, Vice-President 


Raymond C. Reese, and Vice-President Roger H. Corbetta. Long active in 
furthering the aims of the Institute, the trio has a combined 70 years of member- 
ship with ACI. 


successful 1960 convention in New 
York. 

He has been identified with precast 
concrete structures since 1920 and pio- 
neered in prestressing methods, having 
built a prestressed concrete barge for 
the U. S. Navy in 1942. He is one of 
the nation’s leading concrete contrac- 
tors. 

Through his firm he has directed a 
diversity of projects in many parts of 
this country and abroad. 


Reese continues as vice-president 

Raymond C. Reese, principal of Ray- 
mond C. Reese & Associates, consulting 
engineers, Toledo, Ohio, begins his 
second year as an ACI vice-president. 
Mr. Reese was elected to a 2-year term 
in 1960. 


Four directors installed 

Four new directors were installed at 
the St. Louis meeting: Arthur R. An- 
derson, partner, Anderson, Birkeland 
and Anderson, structural engineers, 
Tacoma, Wash.; G. E. Burnett, assistant 
chief research engineer, U.S. Bureau of 
Reclamation, Denver; Chester P. Siess 
professor of civil engineering, Univer- 
sity of Illinois, Urbana; and Anton 
Tedesko, vice-president, Roberts and 
Schaefer Co., New York 


Dr. Anderson, an ACI member for 
the past 10 years, has specialized in 
static and dynamic strain measure- 
ments, stress analysis and prestressed 
construction. Since earning his doctor- 
ate from the Massachusetts Institute of 
Technology in 1938, he has amassed ex- 
tensive experience in all these areas: 
as a research assistant and research 
associate at MIT: as a structural de- 
signer for the Aug. Klonne Steel Co., 
Dortmund, Germany; as technical di- 
rector for the Cramp Shipbuilding Co., 
Philadelphia; and in private consulting 
and research work. He is currently a 
member of ACI Committee 324, Precast 
Reinforced Concrete, Thin Sections; 
and ACI-ASCE Committee 712, Pre- 
cast Structural Concrete Design and 
Construction. 

Mr. Burnett, assistant chief research 
engineer, U.S. Bureau of Reclamation, 
Denver, has been an ACI member since 
1946. He graduated from the Univer- 
sity of Utah in 1930 and has been 
employed in the Engineering Labora- 
tories Branch of the USBR since 1936. 
Previously, he had worked in the re- 
finery research laboratories of the 
Standard Oil Co. of New Jersey in 
Aruba, Netherland West Indies. At the 
present time he is a member of the 
Technical Activities Committee and 
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chairman of the re- 
cently formed TAC 
Committee on Mon- 
ographs. He is also 
serving on Commit- 
tee 612, Recom- 
mended Practice for 
Curing Concrete, 
and Committee 616, 
Coatings for Con- 
crete, both of which 
he formerly headed 





Arthur R. Anderson 
as chairman. Committee reports issued 
during his chairmanship include: ‘“Rec- 
ommended Practice for the Application 
of Portland Cement Paint to Concrete,” 


“Guide for Painting Concrete,’ and 
“Curing Concrete.” 
Dr. Siess is a professor of civil 


engineering at the University of IIli- 
nois, Urbana, where he received his 
MS in 1939 and his PhD in 1948. Before 
joining the faculty at Illinois in 1941, 
Professor Siess worked with the Lou- 
isiana Highway Commission as a soils 
engineer, with the Chicago Depart- 
ment of Subways and Superhighways, 
and with the New York Central Rail- 
road. 

Much of Professor Siess’ research 
has been published in technical jour- 
nals. He has won many honors includ- 
ing, in collaboration with N. M. New- 
mark, the 1949 ACI Wason Medal for 
Most Meritorious Paper; the 1956 Con- 
crete Reinforcing Steel Institute Award 
(with N. M. Newmark); and the 1956 
ASCE Research Prize. 

Active in committee work since join- 
ing ACI in 1938, Professor Siess cur- 
rently heads Committee 115, Research; 
and ACI-ASCE Committee 321, De- 
sign of Reinforced Concrete Slabs. He 
is former chairman and now a member 
of ACI Committee 208, Bond Stress; 
former chairman of Committee 215, 
Fatigue of Concrete; and a member of 
ACI Committee 318, Standard Building 
Code. 

Dr. Tedesko is a vice-president of 
the engineering firm of Roberts and 
Schaefer Co., New York and Chicago, 
and is located in the New York office 
Educated in Austria, he holds the de- 
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gree of civil engi- 
neer and Doctor of 


Science in engi- 
neering from _ the 
Institute of Tech- 
nology of Vienna. 

Dr. Tedesko’s 
name is identified 
with many wide- 





span structures and 
early prestressed concrete work in 
America. Among the first to advocate 
the use of industrial production meth- 
ods in shell roof construction, he was 
directly responsible for the design and 
development of construction methods 
for a number of projects. A consultant 
to Headquarters, U.S. Air Force, he has 
recently been engaged in major basic 
programs for the Ballistic Missiles Di- 
vision involving missile launching fa- 
cilities. 
He is a 


G. E. Burnett 


member of the Reinforced 
Concrete Research Council and is 
chairman of its Task Committee on 
Composite Construction. He is chair- 
man of ACI Committee 334, Concrete 
Shell Structures, and a member of 
Committee 314, Rigid Frames for 
Buildings and Bridges, and Committee 
315, Detailing Reinforced Concrete 
Structures. He has been an ACI mem- 
ber since 1946. 


Mather appointed to fill vacancy 


Bryant Mather was appointed by the 
Board of Direction to fill the vacancy 
on the Institute Board created by the 
election of Roger 
vice-presidency. 

Mr. Mather, supervisory civil engi- 
concrete 


H. Corbetta to the 


neer, 


research, U. S. Army 





» 


Chester P. Siess 


Anton Tedesko 
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Columbia Caicium Chloride, effective all year, is especially 
beneficial in concrete when temperatures drop below 70°. 


SPRING CHILL SLOWING DOWN YOUR 
CONCRETE JOBS? STAY ON SCHEDULE 
WITH COLUMBIA CALCIUM CHLORIDE 


Warm spring days are almost here. But don’t 
be caught off guard. There are still plenty of 
days—and nights—ahead when tempera- 
tures will skid below 70°. And you’re still 
faced with the problem of keeping jobs on 
schedule in spite of the lag in concrete set 
caused by these low temperatures. You can 
keep cold weather jobs moving by adding 
Columbia Calcium Chloride at the rate of 
2% by weight of cement to your mix. 
Columbia Calcium Chloride gives you these 
time-and-profit-saving benefits: 


Higher Early Strengths—-A:i 40°F, you 
get 3-day strength in 1 day, 7-day strength 
in 31% days. There’s no cold weather lag in 
strength gain; your job stays on schedule. 


Faster Initial Set—Under normal condi- 
tions, Columbia Calcium Chloride cuts ini- 
tial set time from 3 hours to 1 hour. At lower 
temperatures, the effects are even more pro- 
nounced. You get finishers on and off the 
job faster, avoid costly overtime. 


Early Form Removal-—Rapid strength 
gain permits removal and re-use of forms in 
about half the normal time. 


Are you getting these Columbia Calcium 
Chloride cold weather benefits on your con- 
crete jobs? If not, better analyze your batch- 
ing procedure or contact your ready mix 
supplier today. Specify Columbia Cal- 
cium Chloride. 


For more information on Columbia Calcium 
Chloride, contact our nearest District Sales 
Office or write our Pittsburgh address. 


Ip columbia} southern 
G chemicals 


CHEMICAL DIVISION 
PITTSBURGH PLATE GLASS COMPANY 
NE GATEWAY 8 22 


ENTER PITTSBURGH PENNSYLVANIA 





TRICT OFFICES. Bostor Chartotte Chicago Cincinnat 
Dallas Houston Minneapolis New Orleans New York 
Pittsburgh an Francisco - St. Louis N CANADA Standard Chemica! Limited 
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Engineer Waterways Experiment Sta- 
tion, Corps of Engineers, Jackson, Miss., 
is chief of the Special Investigations 
Branch, Concrete Division. Elected to 
the ACI Board of Direction in 1958, Mr. 
Mather had just completed a 3-year 
term. 


Active in ACI committee activities 
since 1942, he completed 10 years of 
service with the Technical Activities 
Committee in February. He was TAC 
chairman from 1954 to 1956. He cur- 
rently is working on Committee 116, 
Nomenclature; Committee 212, Admix- 
itures; and Committee 612, Recom- 
mended Practice for Curing Concrete 


Mr. Mather received his degree in 
geology from John Hopkins Universi- 
ty in 1936, and did graduate work 
there and at American University, 
Washington, D.C., until joining the 
Corps of Engineers in 1941 


Continuing board members 


Continuing on the ACI Board of Di- 
rection are: A. Allan Bates, vice- 
president, Portland Cement Associa- 
tion, Chicago, Ill.; George C. Ernst, 
partner, Dunmire and Ernst, Lincoln, 
Neb.; E. A. Finney, director, Research 
Laboratory Division, Michigan State 
Highway Department, East Lansing, 
Mich.; Bruce E. Foster, materials engi- 
neer, National Bureau of Standards, 
Washington, D.C.; Ben C. Gerwick, Jr.., 
president, Ben C. Gerwick, Inc., San 
Francisco; James A. McCarthy, pro- 
fessor, Department of Civil Engineer- 
ing, University of Notre Dame, Notre 
Dame, Ind.; and Walter J. McCoy, di- 
rector of research, Lehigh Portland 
Cement Co., Allentown, Pa 


The three immediate past presidents 
comprise the balance of the Board of 
Direction: Douglas McHenry, director 
of development, Research and Devel- 
opment Laboratories, Portland Cement 
Association, Skokie, Ill.; Phil M. Fer- 
guson, professor, Department of Civil 
Engineering, University of Texas, Aus- 
tin; and Joe W. Kelly, professor of 
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civil engineering, University of Cali- 
fornia, Berkeley. 


Nominating Committee for ‘61 

From 20 candidates nominated, five 
have been elected to the 1961 Nomi- 
nating Committee: Harold Allen, chief, 
Physical Research Branch, Bureau of 
Public Roads, Washington, D.C.; D. L. 
Bloem, associate director of engineer- 
ing, National Sand and Gravel Asso- 
ciation and National Ready-Mixed 
Concrete Association, Washington, D.C.; 
Clyde E. Kesler, professor, Department 
of Theoretical and Applied Mechanics, 
University of Illinois, Urbana; Thomas 
B. Kennedy, chief, Concrete Division, 
Waterways Experiment Station, Jack- 
son, Miss.; and I. L. Tyler, research 
counselor, Research and Development 
Division, Research and Development 
Laboratories, Portland Cement Asso- 
ciation, Skokie, Ill. Also on the com- 
mittee are the three past-president 
members of the Board of Direction, 
Messrs. McHenry, Ferguson, and Kelly 


1962 


First call for technical papers for 
presentation at ACI’s 58th annual 
meeting, March 12-15, Denver. 





Those who are interested in par- 
ticipating in the program should write 
to Institute headquarters before July 
1, furnishing a synopsis giving the 
scope of the proposed paper and in- 
dicating features that the author 
thinks will justify its inclusion in the 
technical program. 

Preliminary drafts should reach TAC 
for approval and acceptance by Sep- 
tember 15; final manuscripts will be 
due by Jan. 1, 1962. 
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ACI Annual Awards 


FIVE PROMINENT ENGINEERS were honored at the Awards Luncheon on 


February 22, when Joe W. Kelly, retiring president, presented the 
ACI annual awards on behalf of the Board of Direction of the Institute. 


Turner Medal 

The Turner Medal was awarded to 
Stanton Walker, director of engineer- 
ing, National Sand and Gravel Asso- 
ciation and National Ready-Mixed 
Concrete Association, Washington, D.C., 
“for his many contributions to the 
basic knowledge of concrete through 
published literature 
and active partici- 
pation in the work 
of technical com- 
mittees of the In- 
stitute.” The gold 
medal award was 
established in 1927 
by the late Henry 
C. Turner, a past 
president of ACI 





Stanton Walker 
Mr. Walker, an ACI past president 


(1947) and an honorary member 
(1958), has authored numerous papers 
dealing with concrete and mineral ag- 
gregates, 15 of which have appeared in 
the ACI JouRNAL. Since joining ACI in 
1937, he has served on many technical 
and administrative committees. Dur- 
ing his chairmanship of Committee 
605, Hot Weather Concreting, the ACI 
Standard, “Recommended Practice for 
Hot Weather Concreting (ACI 605- 
59),”” was developed. He is currently 
serving on Committee 613, Recom- 
mended Practice for Proportioning 
Concrete Mixes, and Committee 621, 
Aggregates. 


Mr. Walker is a native of Indiana 
and an alumnus of the University of 
Illinois, Urbana. Following graduation 
he joined the research staff of the 
Portland Cement Association in 1917 
and remained there until 1926 when 
he assumed his present position with 


NSGA. In 1930 he also became engi- 
neering director for the NRMCA. 

Among other honors conferred on 
Mr. Walker are the Frank E. Richart 
Award, presented by the American 
Society for Testing Materials in 1957 
for outstanding service; and two other 
ASTM awards the 1951 Award of 
Merit and the 1960 Sanford E. Thomp- 
son Award. The Highway Research 
Board gave him the Roy W. Crum 
Award in 1956 for distinguished service 
The Stanton Walker Fellowship was 
established at the University of Mary- 
land in his honor. 

In addition to his membership in 
ACI and ASTM, Mr. Walker is affili- 
ated with the Highway Research Board 
and the American Institute of Mining 
and Metallurgical Engineers. He is a 
director of the Joint Research Founda- 
tion of NSGA and NRMCA at the Uni- 
versity of Maryland 


Lindau Award 

As recipient of the Lindau Award, 
Anton Tedesko, vice-president, Roberts 
& Schaefer Co., New York, was cited 
for “his numerous and outstanding con- 
tributions to the development and use 
of long-span concrete structures as 
exemplified by the thin-shelled arch.” 

The Lindau Award was founded in 
1947 by the Concrete Reinforcing Steel 
Institute to honor the memory of Al- 
fred E. Lindau, a past president of 
ACI. It is bestowed only for outstand- 
ing contributions to reinforced concrete 
design practice and is not restricted 
to ACI members. 

Dr. Tedesko, newly-elected ACI di- 
rector, studied engineering in Austria 
at the Institute of Technology, Univer- 
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sity of Vienna, where he received his 
civil engineering degree and later the 
degree of Doctor of Engineering. He 
also holds an engineering diploma from 
the University of Berlin. 

An early exponent of industrial pro- 
duction methods in shell roof construc- 
tion, he has been directly responsible 
for the design and development of more 
than 60 major shell projects, including 
the roof structure of the Lambert-St. 
Louis Municipal Airport in St. Louis. 

He joined Roberts and Schaefer Co. 
in 1932 and became a vice-president in 
the New York office in 1956. Since 
1955, he has also been a consultant to 
Headquarters, U.S. Air Force. 

Dr. Tedesko is a member of the 
Reinforced Concrete Research Council 
and is chairman of its Task Committee 
on Composite Construction. He is also 
affiliated with the International As- 
sociation of Bridge and Structural En- 
gineers, and is a former director of the 


Illinois section, American Society of 
Civil Engineers. 
An ACI member since 1946, he is 


chairman ACI Committee 334, Concrete 
Shell Structures, and is a 
Committee 314, Rigid 
Buildings and Bridges, 
315, Detailing 
Structures. 


member of 
Frames _ for 
and Committee 
Reinforced Concrete 


Kennedy Award 


The Kennedy Award was presented 
to A. Allan Bates, vice-president, Port- 
land Cement Association, Chicago, III., 
“for untiring efforts as chairman and 
member of the ACI Building Com- 
mittee, successfully culminated in the 


outstanding architectural masterpiece 
housing the Institute headquarters.” 


The modern, all-concrete 
Detroit was built in 1958. 

The Kennedy Award, in the form of 
a framed scroll, was established in 
1958 in memory of the late Henry L. 
Kennedy, a past president of ACI. 

Dr. Bates joined the Portland Ce- 
ment Association in 1946. to 
joining PCA, Dr. Bates was manager 


building in 


Prior 
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of the chemical, 
metallurgical, and 
ceramic research 
division of West- 
inghouse Electric 
Corp. 

Dr. Bates has had 
broad international 
experience in in- 
dustrial research. 
He spent much of 
the summer of 1960 
touring the Soviet Union as chairman 
of a delegation of cement, concrete, 
and construction technologists. In 1957 
he accompanied another delegation to 
a Pan-American Conference in Rio de 
Janeiro, Brazil, to discuss the possibil- 
ity of coordinating engineering materi- 
als standards among nations of the 
western hemisphere. 

Dr. Bates holds a BA in chemistry 
from Ohio Wesleyan University, Dela- 
ware, Ohio, and BS and MS degrees in 
metallurgical engineering from the 
Case Institute of Technology, Cleve- 
land. His doctor of science degree 
“magna cum laude” was conferred by 
the University of Nancy, France. He 
also holds honorary degrees of Doctor 
of Engineering from Stevens Institute 
of Technology, Hoboken, N.J., and from 
Rose Polytechnic Institute, Terre 
Haute, Ind. 

Currently, Dr. Bates is serving on the 
ACI Board of Direction. He is also 
president of the American Society for 
Testing Materials and is a member of 
the executive committee of the Build- 
ing Research Advisory Board of the 
National Academy of Sciences. 

Other membership affiliations in- 
clude the American Society of Civil 





A. Allan Bates 





1961 
REGIONAL MEETING 
November 1-3 
Dinkler-Tutwiler Hotel 
BIRMINGHAM, ALABAMA 
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Fast, Economical Means of 
Encasing Vertical Supports 
with Concrete 


Central YMCA, Des 
Moines, lowa. Contrac 
tor: The Weitz Co., Inc 
Architect: Wetherell & 
Harrison 





SONOCO 


Sonotube 
ENCASEMENT FORMS 


Concrete encasement of existing 
posts, piles, columns, and utility lines 
can provide fireproofing, add structural 
support when so designed, and improve 
appearance 

SONOTUBE Encasement Forms were 
specifically developed for this purpose - 
and are especially suitable where the 
form cannot be slipped over the top of 
the member. Because they are low in 
cost, lightweight, quick to erect and 
simple to strip, they save time, labor and 
money on the job. They can easily be 
sawed for tie-in with beams or joists and 
cut for utility outlets. With SonoTuBE 
Encasement Forms, the contractor can 
encase vertical members at his con- 


venience, rather than as job progress 
dictates 

Use Sonoco SONOTUBE Encasement 
Forms for encasing with concrete —and 
SONOTUBE Fibre Forms for round con 
crete columns. Order in sizes to 48” 
1.D., standard lengths or as required 


For complete information and forming 


details on SONOTUBE Encasement Forms, write 


SONOCO 
Construction 





« 
ae 


SONOCO PRODUCTS COMPANY, HARTSVILLE, S. C. 


La Puente, Calif * Fremont, Calif * Montclair,N J © Akron, indiana 


* Longview, Texas + Atlanta,Ga. + Ravenna, Ohio 
MEXICO: Mexico City * CANADA: Brantford, Ont 
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Engineers, American Institute of Min- 
ing, Metallurgical and Petroleum En- 
gineers, American Chemical Society, 
American Ceramic Society, American 
Society of Metals, and Western Society 
of Engineers. 


Wason Medal for Research 

Henry Toennies, assistant director of 
engineering, National Concrete Mason- 
ry Association, 
Washington, D. C., 
awarded the 
Wason Medal for 
Research for his 
paper, “Artificial 
Carbonation of 
Concrete Masonry 
Units,” published in 
the February, 1960, 
ACI JOURNAL. 


was 


Henry Toennies 
Established in 1917 by the late Leo- 
nard C. Wason, the Wason Medal re- 


wards the ACI member making the 
most noteworthy research reported in 
an Institute paper during the publica- 
tion year. 

Mr. Toennies is a graduate of Wash- 
ington University, St. Louis, having 
received his BS in civil engineering in 
1952. Following graduation he worked 
as a materials engineer for the Illinois 
Division of Highways. His next move 
was to A. M. Kinney, Inc., Cincinnati 
architects and engineers, 
assistant laboratory chief, he field 
tested structural concrete aggregates, 
soils, and asphaltic mixtures. 

He joined the NCMA in Chicago in 
1954. With the transfer of NCMA head- 
quarters to Washington in 1959, Mr 
Toennies’ responsibilities have includ- 
ed the establishment of a testing lab- 
oratory for research investigations on 
concrete block. His principal research 
interests have included laboratory and 
field investigations of new manufac- 
turing techniques to improve physical 


where, as 


properties of concrete block, and lab- 
oratory research into methods of test- 
ing masonry units 

In addition to his 
ACI paper, Mr 


award-winning 


Toennies’ research 
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writings have appeared in other con- 
crete journals. 

An ACI member since 1958, he is 
currently serving on Committee 331, 
Structures of Concrete Masonry Units, 
and is chairman of the concrete mason- 
ry subcommittee of Committee 717, 
Practice in Low-Pressure Steam Cur- 
ing. 


Wason Medal for Most 
Meritorious Paper 


The Wason Medal for Most Meritor- 
ious Paper was awarded to Robert A. 
engineer, 


Williamson, chief structural 
Holmes and Narver, 


Inc. Los Angeles, 
for his paper, “‘Per- 
formance and De- 


sign of Special Pur- 
pose Blast Resistant 
Structures,” which 
was published in 
the May, 1960, ACI 
JOURNAL. This Pi 
award was also es- Robert A. Williamson 
tablished by Mr. Wason in 1917. 
Since 1950 when he joined the Los 
Angeles engineering firm of Holmes & 
Narver, Mr. Williamson has had de- 
sign responsibility for many of the 
blast structures used in the 
Atomic Energy Commission’s tests at 
the Eniwetok Proving Ground. In 1956 
and 1957, he evaluated several types of 
buried shelters tested in Operation 
Plumbbob at the Nevada Test Site. In 
this operation he also served as a pro- 





resistant 


ject officer in connection with other 
tests sponsored by the Civil Effects 
Test Group of the Nevada Test Or- 


ganization. From 1956 to 1958, he made 
structural studies and reviews in con- 


nection with Air Force “hardened” 
missile base facilities. 

Other experience includes 3 years 
in the evaluation of explosion and 


earthquake hazards relating to nuclear 
reactor facilities; 8 years in structural 


design of commercial, industrial, and 


military projects; and several years in 


aircraft structural design, and in of- 
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fice and field work pertaining to high- 
way construction and surveys. 

Mr. Williamson received his BS de- 
gree “with honors” in civil engineering 
from the University of California, 


Treval C. Powers elected 
to honorary membership 


HONORARY MEMBERSHIP 


April 1961 
Berkeley. A member of ACI since 1951, 
he is also affiliated with the American 
Society of Civil Engineers and the 
Structural Engineers Association of 
Southern California. 


IN THE AMERICAN CONCRETE INSTITUTE was 


conferred on Treval C. Powers, research counselor, Research and De- 
velopment Division, Portland Cement Association, Skokie, Ill., at the 
Award’s Luncheon, February 22, during the Institute’s 57th annual 
convention at the Chase-Park Hotels, St. Louis. 

Mr. Powers becomes the 32nd person so honored during the 55-year 
history of ACI. His many contributions, which have led to a better 


understanding of 
the chemical and 
physical phenome- 
na underlying the 
formation of con- 
crete from its com- 
ponent materials, 
were cited as the 
basis for Mr. Pow- 
ers’ commendation 
by ACI. 

Mr. Powers graduated from William- 
ette University, Salem, Ore., in 1925. 
He worked as a chemist and testing en- 
gineer for the Oregon State Highway 
Commission until 1927. Later he super- 
vised concrete proportioning, inspec- 
tion, and tests at Bull Run Dam, Port- 
land, Ore. The special studies he un- 
dertook on this project are regarded as 
an important step forward in the field 
of concrete technology and were re- 
ported in his paper, “Concrete Studies 
at the Bull Run Dam,” in the 1929 
Proceedings of the ACI. 

In 1930 he joined the PCA Research 
Laboratories where he was instrumen- 
tal in the creation of a program of 
basic research. He was manager of the 
Basic Research Section from 1940 to 
mid-1958 when he assumed his present 
position as research counselor. 





Treval C. Powers 


Mr. Powers was a 3-time winner of 
the ACI Wason Medal for Research: 
for work reported in his 1932 paper, 
“Studies of Workability of Concrete,” 
for research described in a 1939 paper, 
“The Bleeding of Cement Paste, Mor- 
tar, and Concrete,” and for work co- 
authored with T. L. Brownyard in 
their 1946-47 series, “Studies of the 
Physical Properties of Hardened Port- 
land Cement Paste.” In 1957 the Amer- 
ican Society for Testing Materials pre- 
sented him the Sanford E. Thompson 
Award in recognition of his notable 
work in the field of concrete and con- 
crete aggregates. 

Described in the ACI citation as “a 
rare combination of engineer and sci- 
entist,’ Mr. Powers has had more than 
30 research papers published in con- 
crete journals. He is also active in in- 
ternational symposia concerned with 
concrete technology. Most recently, he 
was cochairman of the program com- 
mittee for the Fourth International 
Symposium on the Chemistry of Ce- 
ment and Concrete. 

In addition to his ACI affiliation, 
Mr. Powers is a member of ASTM, the 
American Chemical Society, and 
RILEM (International Union of Test- 
ing and Research Laboratories for Ma- 
terials and Structures) 
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Committee 115 Research Compilation 


ACI Committee 115, Research, Chester P. Siess, chairman, has pub- 


lished its 1961 compilation of research in progress on plain and reinforced 
concrete. This annual report is a valuable tool to researchers who have 
need of information pertaining to the work of other organizations, and 
can be helpful in avoiding duplication of effort. 


The 
by the secretary of the committee, S. J. 
Chamberlin, professor of T & AM, Iowa 
State University, Ames, is divided into 


present compilation, assembled 


three sections, work underway at (1) 


United States academic institutions, 
(2) United States nonacademic insti- 


tutions, (3) institutions outside the 
United States. There were 121 


izations 


organ- 
this 
year. The number of organizations re- 


reporting 803 projects 


porting in the three categories were: 
45 United States academic institutions, 
33 United States nonacademic institu- 
and 43 outside the 
United States. 


Organizations in the 


tions, institutions 


following na- 
tions, in addition to the U. S., reported 
research projects this year: Australia, 
Denmark, 


Canada, England, France, 


Germany, India, Italy, Japan, New Zea- 


land, Norway, Portugal, Scotland, 
South Africa, Sweden, Switzerland, 
and Wales. 

The 36-page, mimeographed report 


contains a subject index. The projects 
are listed for each organization as are 
at the 
organization. The institutions are listed 


the active research personnel 
alphabetically within their groups; re- 
search outside the United States is list- 
ed under the country as well. 

The committee is anxious to include 
all possible concrete research in this 
yearly listing; anyone having sugges- 
tions or knowing of omissions in the 
1961 compilation should advise the sec- 


115. 
will not be given publicity unless per- 
mitted by the correspondent. This in- 
formation should be addressed to: 

S. J. Chamberlin 

Secretary, ACI Committee 115 

T & AM Laboratory 

Iowa State University 

Ames, Iowa 


retary of Committee Information 


Copies of the 1961 Compilation are 
available on request from Institute 
headquarters; address requests to: 

Publication Sales Department 
American Concrete Institute 
P.O. Box 4754, Redford Station 
Detroit 13, Michigan 

Committee 115 was organized in 1921 
and has been one of the Institute’s most 
active committeesssince that time. The 
committee was formed to “. . . affiliate 
the interests of research workers and 
in the field of concrete. Its 
assignment is to review and correlate 
research in cgncrete and reinforced con- 
crete and to consider research meth- 
ods and objectives.” In fulfillment of 
this mission the committee produces 
the yearly*Research Compilation and 


agencies 


sponsors and *diredts theannual re- 
search session at the ACI conventions. 
These sessions are a highlight of the 
yearly meeting and consistently draw 
large audiences and interest. 

The committee 
of about 


has a membership 
90 persons representing an 
outstanding cross section of the mem- 
bership both in the United States and 
abroad. The committee roster contains 
some of the most 


concrete research 


famous names in 
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Increase concrete strength 
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30% with J-M Placewel... 


the liquid admixture that gives you 5 key 
controls of concrete 


Placewel®, a product of Johns-Manville, world’s largest industrial 
user of portland cement, permits a new high in compressive and flex- 
ural strength. This superiority has been proved in millions of yards 
of concrete. 

Placewel is a water-reducing, dispersing agent plus a catalyst. It 
is available with or without an air entraining agent. Placewel, by 
breaking up the cement flocs, releases water for lubrication that isn’t 
normally available. Thus, mixing water requirements are cut with- 
out relying on air entrainment alone. The Placewel catalyst enhances 
the strength-gaining characteristics of portland cement. This unique 
combination of properties provides a 30% increase in concrete 
strength (see chart). 


STRENGTH-PSI 
S 





500 ~ - - 4 
Ee = 4. 

TEST AGE—DAYS 28 

Compressive strength — performance of Placewel vs. plain and air entrained concrete 


COMPRESSIVE 
z 


Less than three ounces of Placewel per sack of cement will also — 


e Increase durability 350% e Improve dimensional stability 
e Increase workability e Reduce permeability 


J-M Retardwel® is recommended when concreting conditions require 
longer placing and finishing time. Retardwel delays the initial set of 
concrete and yet provides higher 24-hour strength. 


Architects and engineers 
the world over have 
learned that Placewel 
and Retardwel give them 
complete control over the 
concrete they specify. 
For full information and 
technical assistance 
write: Johns-Manville, 
tox 14. BM. Y. WG 2 


5 








Ul JOHNS-MANVILLE {i 
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What others are doing 


Concrete Internationale 


As further evidence of the interest of ACI members in what is happen- 
ing beyond the “American” in American Concrete Institute, a growing 
number of them are participating in the meetings of overseas organiza- 
tions; and an increasing interest in what is being done abroad is 
expressed by all ACI members. 


In the past year, prominent ACI members traveled to Europe for 
meetings of the International Association for Bridge and Structural 
Engineering (IABSE), the International Bureau of Prefabricated Con- 
crete (BIBM), the International Association of Testing and Research 
Laboratories for Materials and Structures (RILEM), and the European 
Concrete Committee (CEB). A delegation of Americans which toured 
the Soviet Union, and in turn hosted a Soviet group in this country, 
included many ACI members. ACI members were also found in attend- 
ance and on the program of the Fourth Symposium on the Chemistry of 
Cement which brought many well-known overseas engineers and scien- 
tists to the United States last year. 

To help in keeping their fellow ACI members abreast of the activity 
in the concrete industry abroad, several of the participants in the 
various activities have written reports on the meetings attended. All 
but the 1961 meeting of the Comité Européen Béton (CEB) in Monaco, 
are presented here. The report of the ACI-CEB Collaboration Com- 
mittee will appear in a later News Letter. Several of the reports were 
presented by their authors at the 57th annual convention in St. Louis. 


SIXTH CONGRESS OF THE INTERNATIONAL ASSOCIATION 
FOR BRIDGE AND STRUCTURAL ENGINEERS 


By DOUGLAS McHENRY* 


In 1926 a group cf bridge engineers assembled in Zurich to discuss problems 
and developments of mutual interest. A similar conference was held in Vienna 
in 1928. These meetings were so successful that the participants determined 
that a permanent organization, international in scope, should be formed. So it 
was that the International Association for Bridge and Structural Engineering 
came into being in 1929. 

The IABSE normally meets every fourth year, and the first five congresses 
were held in Paris, Berlin, Liége, Cambridge, and Lisbon. A joint meeting of 
IABSE and the American Society of Civil Engineers was held in New York in 
1958. In June 1960 the sixth congress was convened in Stockholm. About 800 
engineers were in attendance, representing 38 nations. 


*Member American Concrete Institute, director of development, Research and Develop- 
ment Laboratories, Portland Cement Association, Skokie, II 
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A nontechnical description of a 
rather typical European technical 
gathering may be of interest to ACI 
members. 

The opening ceremony of the con- 
gress was an impressive occasion held 
in the Stockholm concert hall, with 
the participation of a symphony or- 
chestra. Welcoming addresses were 
given by various dignitaries, including 
F. Stiissi, president of IABSE, who 
recognized the representation of ACI 
by reading a letter from President Joe 
W. Kelly, which contained the follow- 
ing statement: “The opportunity for 
a free international exchange of tech- 
nical information which your organi- 
zation has arranged is an outstanding 
contribution to the greater cooperation 
between peoples which is the aim of all 
men of goodwill today. May your con- 
ferences form the basis for continuing 
exchanges of engineering information 
over the coming years.” That statement 
elicited spontaneous applause. 

Other functions were held at such 
renowned spots as the Town Hall, the 
Stockholm Cathedral, and the Drottn- 
ingholm Court Theatre. The technical 
meetings were held at the Royal In- 
stitute of Technology. 

The method of handlng the technical 
sessions differed somewhat from the 
system with which most of us in ACI 
are familiar. To begin with, three 
languages were used French, Ger- 
man, and English. Thus even in Stock- 
holm, Swedish was not used at the 
technical sessions. Each chair in the 
meeting hall was equipped with head- 
phones for receiving the simultaneous 
translations. Another point of differ- 
ence is that about half of the total 
number of papers which constitute the 
proceedings of the congress had been 
published in advance in a volume en- 
titled “Preliminary Publication.” These 
papers were not presented at the meet- 
ings. The theme of each session was 
discussed by a “general reporter,” and 
these discussions were based in large 
part on the papers already published 
The new papers were, in general, 
presented by their authors only in 


summary form. These will be published 
in a “final report.” The full proceed- 
ings of the Congress will then occupy 
two good-size volumes. A tremendous 
amount of technical ground was cov- 
ered — too much to permit any sum- 
mary treatment at this time. 


Sessions 

The six session themes covered such 
topics as basis of structural design, 
connections in metal Structures, pre- 
fabricated concrete structures, and 
others. Particular emphasis was placed 
on the newer or more advanced con- 
cepts which are leading to more ef- 
fective utilization of structural ma- 
terials. These include a more accurate 
understanding of the safety of struc- 
tures; the effect of creep, shrinkage, 
impact, and fatigue on strength and 
stability; designing by electronic com- 
puters; methods of assembling pre- 
fabricated elements; model testing as 
a design aid; etc. In addition, some of 
the papers described the design or 
construction of unusual bridges or 
buildings. 


Collaboration 

The aim of IABSE is “to promote 
collaboration between engineers of 
different countries for the exchange 
of ideas, of theoretical and practical 
knowledge, and of the results of re- 
search in the structural field.” This is 
accomplished through the congresses 
at 4-year intervals, together with pub- 
lication of the congress proceedings, 
an annual volume of “Publications,” 
and an annual “Bulletin.” The associa- 
tion does not prepare codes or stand- 
ards, nor does it have a committee 
structure comparable to that of ACI 
About a year ago three Working Com- 
missions were organized as follows: 
I, General Methods; II, Metal Struc- 
tures; III, Concrete Structures. The 
Commission on Concrete Structures is 
composed of one representative from 
each of 12 countries; Georg Wastlund, 
Sweden, is the chairman, and the 
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writer is the United States represen- 
tative. 

The aim of achieving international 
collaboration among engineers was in- 
deed accomplished — in part through 
the organized sessions, and in perhaps 
even greater measure by the continu- 
ous succession of informal personal 
contacts and discussions (which also 
play such an important part in our 
own conventions). Advantage was 
taken of the world-wide attendance to 
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also schedule committee meetings of 
other organizations, such as RILEM 
and the Comité Européen du Béton. 
Furthermore, the congress followed al- 
most immediately after the Third In- 
ternational Congress of the Precast 
Concrete Industry, also held in Stock- 
holm. All told, the 2-weeks, which in- 
cluded the 4 days of IABSE technical 
meetings was one of intense stimulat- 
ing, and profitable technical activity. 


THIRD INTERNATIONAL CONGRESS 
OF 
THE PRECAST CONCRETE INDUSTRY 


By ARSHAM 


The Third International Congress of 


took place in Stockholm, Sweden, last 


AMIRIKIAN* 


the Precast Concrete Industry, which 
summer, has an interesting origin. In 


1954, on the initiative of the Belgian Institute of Cement (Chambre Syndicale 
Belge des Agglomérés de Ciment), and with the aid and sponsorship of the 
Belgian Office of the European Productivity Agency, a meeting was held in 


Brussels, Belgium, under the name of 


First International Congress of Precast 


Concrete. The purpose of the meeting was to create an international forum for 


the presentation and discussion of the 


problems and products of the precast 


concrete industry. Some 240 delegates from 22 countries attended the congress. 


In view of the success of the first 
congress, it was decided to create a 
permanent organization which would 
assure the continuation of the collabo- 
ration of the participating countries 
and undertake the sponsorship of fu- 
ture meetings. This resulted in the 
founding of the International Bureau 
of Prefabricated Concrete (Bureau In- 
ternational du Béton Manufacturé), 
with the initial affiliation of ten Euro- 
pean countries. Since then, four addi- 
tional countries have joined the Bu- 
reau. While the United States does not 
as yet hold official membership in the 
bureau, the number of those who have 
been attending the conventions, either 
individually or as company represen- 
tatives, has increased steadily, as has 
the number of their contributions to 
the technical programs. The bureau, 
better known by its initials BIBM, is 


governed by a committee composed of 
a representative from each of the 
member countries and is administered 
through a secretariat in Brussels. The 
congresses are convened triennially and 
the details of the programs are ar- 
ranged in cooperation with the local 
group of the host country 


Second Congress 

The second congress was held in 
Wiesbaden, Germany, in 1957. It was 
organized by the West German con- 
crete industry, in cooperation with 
BIBM, and with the aid and sponsor- 
ship of the European Productivity 
Agency. There were over 700 regis- 
trants, representing 24 countries 
including five from behind the “iron 
curtain.” Three days were devoted to 
the technical program, arranged in 
morning and afternoon sessions, with 


*Member American Concrete Institute, special structures consultant, Bureau of Yards 
and Docks, Department of the Navy, Washington, D.C L 
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Fig.|—In foreground, pre- 
stressed arch assembly of T- 
shaped segments. In back- 
ground, partial assembly of 
multistory framing, spiral 
staircase, and ornamental 
drum head and panel as- 
sembly 


two papers and discussions on a main 
topic for each session. The subjects 
covered the production of precast con- 
crete units for many applications, in- 
cluding buildings, roads, and piping, 
the use of lightweight aggregates and 
cellular concrete, application of pre- 
stress, automation, and other problems 
of fabrication 

As an added feature, an exhibit was 
displayed on the grounds adjacent to 
the auditorium. This was essentially a 
demonstration of casting machinery 
and handling equipment produced by 
West German manufacturers. Arrange- 
ments were also made for a number of 
inspection trips to production plants 
located in the vicinities of Wiesbaden 
and Frankfurt. Of special interest was 
the manufacture of prestressed slabs, 
concrete elements of lightweight-ag- 
gregates, and centrifugally-cast con- 
crete pipes. 


THIRD CONGRESS 


Stockholm, Sweden, was the host 
city for the third congress, which took 
place last June under the organiza- 
tional guidance of BIBM and its local 
member the National Federation of 
Precast Concrete Manufacturers of 
Sweden. Delegates from 24 countries 
attended the congress held at the Sankt 
Erikshallen. Those coming from the 
United States totaled 31, which con- 
stituted a remarkable showing, particu- 
larly since the United States is not 
officially affiliated with BIBM. At that 
time, 14 countries held membership in 
BIBM. It was estimated that the pre- 





cast concrete industries in those 14 
countries employed some 150,000 men, 
and that total production there grossed 
nearly 5 billion Swedish crowns, or 
roughly $1 billion both impressive 
figures. 


Technical program 

All-day sessions for 3 days covered 
a rather crowded schedule. The pro- 
gram included general reports, special 
lectures and papers, floor discussions, 
and, an innovation, group discussions. 
The general reports, of which there 
were five, each consisted of a group of 
papers devoted to a main subject. Ac- 
cording to this European procedure of 
international technical meetings, im- 
portant parts of contributions from the 
various participants to each preselected 
topic are combined into a single paper 
and presented as a general report on 
that subject. The one given this task is 
called “general reporter.” He makes 
the main presentations, followed by 
some of the other contributors who give 
elaborating talks on their particular 
views 

After each of the first four general 
report sessions, the audience was di- 
vided into four separate language 
groups (English, French, German, and 
“Scandinavian”’—the official languages 
of the congress) for discussing the 
session topic. The results of these 
group discussions were then presented, 
through their respective chairmen, to 
the ensuing general session for further 
discussion and conclusions. The fol- 
lowing were the topics of the general 
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Like a mother hen, the new 
control tower at the Newark 
Airport is the guardian for 
the many aircraft which land 
and take off from this ter- 
minal every day. 

Constructed of reinforced 
concrete, this structure rises 
150 feet above the runways 
Three floors containing all air 
traffic control equipment are 
cantilevered out to a 37-foot 
overhang to provide an opti- 





mum view of all air and 


ground traffic 

Today, in every type of con- 
struction, reinforced concrete 
is enabling architects and en- 
gineers to work with greater 
freedom in designing build- 
ings to more readily meet a 
functional intent. Before you 
build, be sure to investigate 
the many advantages of this 
more flexible and more eco- 
nomical construction method 
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Fig. 2—Framing assembly, 

featured by tongue-and- 

groove planks of 20-in. mod- 
ular width 


report sessions: 
1. Shrinkage of concrete 
2. Large precast concrete units 
for buildings 
3. Practical application of vibra- 
tion to the manufacture of 
precast concrete products 
4. Protection of concrete pipes 
against attack by aggressive 
soils and waters by the use of 
plastic coverings 
Corporations’ psycho-sociologi- 
cal problems in connection 
with their organization and in- 
ternal human relations 


uw 


The remaining sessions were devoted 
to miscellaneous topics of special ap- 
plication or production of precast con- 
crete. These included bridge framings, 
building units, facing slabs, prestressed 
masts, and concrete block. There was 
also a paper on electro-curing of con- 
crete products. Of a total of 26 papers 
on the program, six were contributed 
by the United States group. 

Industrial show 

Following the precedent set at the 
second congress in 1957, offerings of 
interest were augmented by an indus- 
trial exhibition. This was, however, a 
more elaborate show than the Wies- 


Fig. 3—Prefabricated house 
with large wall panels 








baden display, with the emphasis on 
products rather than machinery. Brief- 
ly, it was a well-organized demonstra- 
tion of the capabilities of the Swedish 
precast concrete industry, which has 
been active in this field for over half a 
century. According to the furnished 
statistical data, the volume of precast 
concrete work in Sweden during the 
past 30 years has increased tenfold, 
and that the present annual rate, ex- 
cluding lightweight concrete and fac- 
tory-made elements, exceeds 200 mil- 
lion Swedish crowns about $40 
million 

The most impressive part of the 
outdoor display was the framings of 
massive precast concrete members pro- 
duced by the Swedish industry. These 
included: a bridge assembly, consist- 
ing of angular abutment walls and 
floor framing; a culvert frame of four 
large panels; a segment of multistory 
industrial building featured by 
one-piece columns in _ three-story 
height; a gable frame formed by 
tilting together two huge slabs; and 
an arch assembly composed of T- 
shaped segments. Also of special in- 
terest were the framings of prefab- 
ricated houses — built of modular 
panels of cellular concrete and of light- 


A habe 


Sect cas 
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weight aggregates, a variety of stair- 
case segments, piping, railroad ties, 
ornamental and statuary pieces, and 
miscellaneous other castings. (Some of 
these are illustrated in Fig. 1-3.) The 
erection of some of the assemblies was 
a part of the demonstration. 

The exhibit inside of the hall was 
featured by an array of photographs 
illustrating important examples of pre- 
cast construction in western Europe. 
Machinery and equipment were also 


displayed, and some of the _ special 
processes and construction techniques 
were elaborated by motion pictures 


Social events 


The Stockholm meeting had a full 
schedule of social events. In addition, 
there were a number of sight-seeing 
and inspection trips arranged. An 
added opportunity was provided for 
taking week-long tours of the country, 
both before and after the convention. 


RILEM SYMPOSIUM ON STEAM CURED LIGHTWEIGHT 
CONCRETE 


By JOHN K 


SELDEN” 


The RILEM Symposium on Steam Cured Lightweight Concrete was held at 
Gothenburg, Sweden, June 21 to 23, 1960, immediately following the close of 
the Third International Congress of Precast Concrete Industry. RILEM stands 
for International Association of Testing and Research Laboratories for Materials 


and Structures. 


The Symposium, held at Chalmers University of Technology, drew more than 
259 registrants, representing 24 countries, including the Congo, India, Japan, 
Canada, the United States, most of the European countries, Peoples Republic 


of China (mainland) and half a dozen 

President Joe W. Kelly’s memo in 
the News Letter in February, which 
stressed ACI’s “Internationality” and 
the beneficial influence of rubbing 
shoulders with technical people of 
other countries, was well illustrated 
here. Thanks to the good-natured riv- 
alry between our host city and Stock- 
holm, Gotenburg outdid itself in pro- 
viding social functions for getting ac- 
quainted. The city invited us to a 
dinner and dance at the Yacht Club, 
The Harbor Authority took us for a 
boat ride and the Contractors’ associa- 
tion entertained us at a formal Swed- 
ish-style banquet. This banquet pro- 
vided an opportunity for welcoming 
speeches by a dozen different nation- 
alities including J. J. Shideler for the 
U.S. 


Technical contacts 
The technical contacts also were 
profitable. For instance, Walter Al- 


from the Soviet Union. 


brecht of the Otto-Graf-Institute, 
Stuttgart, Germany, a pioneer in cellu- 
lar concrete testing, told me of his 
forthcoming book on concrete, which I 
was able to secure as soon as pub- 
lished. There was no “iron curtain” in 
technical contacts only a language 
barrier. Through the aid of an inter- 
preter, I began discussing with Peter 
30zjenov, head of the Soviet delega- 
tion, the relative merits of the two 
basic systems of producing cellulai 
concrete. Siporex, Ytong and Durax, 
the Swedish systems, used powdered 
aluminum to generate gas voids, while 
the earlier Russian and the present 
American practice have both shown a 
preference for preformed foam. Re- 
cently gas expanded concrete has also 
become popular with the Soviets, but 
the two of us agreed on a preference 
for foam 

This international symposium on 
autoclaved cellular concretes was the 


*Member American Concrete Institute, consultant, concrete and autoclave products, Toledo 
Ohio, (formerly technical director, Autoclave Building Products Association) 
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first of its kind ever held. In the past, 
familiarity with many of the properties 
of this material, the bases of design, 
the precautions to be taken, and the 
new potentialities, were something of 
a trade secret with the Swedish pro- 
moters. Now, perhaps due in part to 
the fact that many of the basic patents 
have expired, every major phase of 
testing and design of autoclaved cellu- 
lar concrete been discussed and 
presented in a of 50 preprinted 
papers of high technical quality. While 
a great deal more needs to be learned. 
aerated concrete can now, with the aid 
of this reference library, be considered 
a new branch of materials research 
and structural design where ever the 
material 


has 


set 


is on the market 
compete economically 


and able to 


Technical program 


The three-day technical program was 
divided into 
each half day 


themes, 
the last afternoon 
Most of the Gen- 
eral Reports were read first in English 
and then translated into as many other 
languages as requested. A majority of 
the preprinted papers were available 
in English, but only a of the 50 
papers were actually presented orally 

The symposium was limited to auto- 
claved lightweight concrete and to de- 
sign, testing and construction problems, 


major 
with 
given to a summary 


one for 


few 


with no mention of manufacturing 
One theme was deformation § and 
strength properties of lightweight con- 
crete. Main emphasis was placed on 
compressive strength which is directly 
related to bulk density and of great 
practical and economic. significance 


However, tensile strength, which large 
ly governs cracking, and shear strength, 
sO important in laminated or plaster 
panels, must both studied. Curves 
presented indicate maximum strengths 
for autoclaved cellular concrete up to 
1000 psi, at 32 lb per cu ft density and 
1500 psi at 40 lb per cu ft density 
Experiments on 

after autoclaving, 
strengths 


be 


storage conditions, 
indicated that 
increased 16 to 20 percent 
when stored in room air, or under wa- 
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ter, but only 9 percent in a damp base- 


ment. In carbon dioxide-rich air 
over water, cellular concretes made 
with cement silica alone, did not lose 


strength, but samples made with lime, 
lost an average of 12 percent or more. 

Not only is lightweight concrete more 
susceptible to chemical attack by CO» 
and by small traces of sulfur com- 
pounds in the air, due to its porosity, 
but it is also influenced by mechanical 
stresses like vibration which means 
field conditions be more severe 
than protected laboratory tests. Hence 
an adequate factor of safety is neces- 


may 


sary. 

The ten excellent preprinted papers, 
which for this theme only, were in 
German, indicate the extensive re- 
search into physical, chemical and me- 
chanical properties of cellular concrete 
which have been conducted in Europe 


Reinforced lightweight concrete 


Another theme was reinforced light- 
weight In the past, cellular 
units have been designed by emperical 
methods, unlike ordinary 
structures, the units 

in a factory and 

to determine the 
given factor of safety. Now, 
large production pro- 
than a thousand 
sizes, and types of 
products are made, 
of design be- 
comparison with 
remem- 


concrete. 
since, con- 
are mass 
can’t 
strength 


crete 
produced be 
pretested 
with a 

however, with 
grams, where 


different 


more 
shapes, 
cellular concrete 
the calculation 


comes 


theory 
In 
ordinary concrete it 
that cellular concrete lower 
compressive strengths, modulus of 
elasticity, bond strength, and density, 
and that during the autoclave process 
at temperatures of about 350 or 360 F 
there is a differential expansion be- 
tween the steel and concrete. For this 
reason special attention should be given 


necessary. 
must be 


bered has 


to anchoring the bars and to the cal- 


culation of internal stresses as well 
as those from loading. Attention must 
be given to the loss or elimination of 


bond due to (a) the autoclave process 
itself, and (b) the layer of bituminous 
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type corrosion protection coating on 
the steel. 

Because of this loss of bond, welded 
transfer bars may be used for anchor- 
age. While the ultimate moment of a 
beam or slab may depend only on the 
yield point of the properly anchored 
steel, the flexural rigidity, which is 
important for roofing slabs, depends on 
the bond and percentage of compressive 
reinforcement. 


Heat insulation 


Heat insulation and migration of 
moisture was the theme of one of the 
sessions. The fact that ten separate 
scientific papers on this subject were 
presented, indicates its importance. Not 
only are damp walls undesirable from 
their appearance, the possibility of 
mold growths and damage to draperies, 
etc., and the effect on comfort, but 
also they promote corrosion and esp- 
cially in the case of cellular concrete, a 
marked increase in thermal conductiv- 
ity. Thus taking a bone dry wall as 
100 percent, the K value is increased 
25 percent for cellular concrete under 
average conditions, with 5 to 6 percent 
moisture and 175 percent with rain- 
soaked walls of 35 percent moisture 
content. In the case of roof slabs, ther- 
mal conductivity may be two or three 
times as great on the cold side as on 
the warm, due to difference in moist- 
ure content. Of course, moisture from 
within and from without must both be 
considered. 

Because of the importance of de- 
termining the moisture content in 
buildings already erected, a nonde- 
structive test method has been devel- 
oped by the British Building Research 
Station, using a portable radio trans- 
mitter and receiver which, on scanning 
the wall can identify the moist spots 
by the attenuation of the signals re- 
ceived 


Surface treatment 

Surface treatment was discussed at 
one session. Cellular concrete walls are 
generally coated on the outside to pro- 
tect them from the weather and on 
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the inside from impact damage and to 
reduce the dust collecting nature of 
the porous surface. The walls should 
be kept dry because moisture does the 
following things: heat insulation is 
impaired, strength reduced, suscepti- 
bility to frost damage increased, steel 
reinforcement and nails corrode unless 
properly protected, and efflorescence 
encouraged. The exterior surface must, 
therefore, be water repellent and por- 
ous enough to permit moisture evapo- 
ration, or else completely watertight 
such as a bituminous or paint coating 
with ventilated air spaces behind 


Cement or lime cement stuccos or 
renderings should not be over 4g or 
¥g in. thick because of possible damage 
to the cellular structure beneath. Stea- 
rates and silicons are widely used to 
give water repellency. These must be 
applied on uncracked surfaces. Recent- 
ly attractive surface finishes made with 
silicate paints and polyvinyl acetate 
coatings, with fine marble or ceramic 
colored granules, have been introduced 
which give attractive surfaces. Cellular 
blocks may, of course, be used as back 
up for face brick, tile, etc. 


CONCRETE CONSTRUCTION IN RUSSIA — 1960 


By A. ALLAN BATES* 


By agreement between the governments of the United States and the Soviet 
Union, the years 1960 and 1961 have been designated as a period of broad ex- 
change of information in scientific and cultural fields between the two countries. 
Numerous specific areas of science have been chosen and the exchanges have 
been carried out through extended visits and tours of American scientific and 
technical delegations to the Soviet Union and return visits by similar Soviet 


delegations to the United States. 

One of the technical areas of ex- 
change concerned construction and, 
particularly, uses of hydraulic cements 
and concretes in construction. The 
American delegation went to the 


Soviet Union in the summer of 1960 
and traveled freely and extensively, 
visiting many _ research institutions, 


cement and concrete plants, and con- 
struction sites in European Russia, as 
well as beyond the Ural Mountains 

Members of the American Concrete 
Institute participated in the American 
delegation to the Soviet Union and 
many other members of ACI served as 
hosts to the Soviet delegation in this 
country. The following brief paper is 
a report to the Institute on some as- 
pects of the exchange 

The entire episode constitutes one of 
the freest and most extensive instances 
of scientific communication which has 
taken place between the two countries 


On both sides there was a friendly 
welcome offered to the visiting dele- 
gation and technical discussion was 
subjected to no reservations or limita- 
tions within the designated area of 
interest. It that such an ex- 
cellent start of understanding should 
be nourished and cultivated rather than 
allowed to wither. On the side of the 
United States, the American Concrete 
Institute is the natural agent for this 
purpose. Suggestions are made 
how it may fill this role 


seems 


as to 


The members of the American Con- 
crete Institute must certainly find an 
interest in the prospect of a vast con- 
temporary nation which, in effect, has 
decided, as a general policy, that its 
buildings of the future will be con- 
structed of reinforced concrete 

One of the little discussed, but per- 
haps most important, aspects of the 
Soviet Union today is the tremendous 


*Member American Concrete Institute, vice-president, Portland Cement Association, 


Chicago, Ill 
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campaign of urban construction which 
in the post World War II period has 
been rising in a steady crescendo to 


heights never previously reached in 
the history of any nation. The reasons 
for and consequences of this construc- 
tion campaign may turn out to be 
almost as important to the rest of the 
world as they are to the Soviet Union. I 
shall therefore discuss briefly 
nontechnical aspects of this Russian 
situation even though to an ACI audi- 
ence the technical aspects will natur- 
ally be of principal interest 


some 


Agricultural beginning 


The revolutionary Soviet govern- 
ment took over a country which had 


been widely devastated by World War I 
and subsequent revolutions and coun- 
ter-revolutions. Furthermore, the coun- 
try for eight centuries had been held 
by absolutist rulers in a state of rela- 
tively backward 


economic develop- 












Fig. 2—Precast sandwich panels with 
cast-in windows. In the shipping yard of 
an "apartment factory’ 


INSTITUTE April 196] 
Fig. |—Standardization. Par- 


tial view of an apartment 


construction project, com- 
pletely precast 
ment. The Renaissance which swept 


western Europe out of the medieval 
and into the modern era during the 13th 
to the 16th centuries A.D. was scarcely 
felt in Russia. Something akin to that 
Renaissance is now exploding in the 
Soviet Union with a speed and violence 
which may not have results 
similar to those of the more deliberate 
rebirth of western Europe. The western 
renaissance was a by-product of a new 
urbanization which brought into being 
and to power Florence, 
Genoa, Venice, The 
rebirth grew out of the economic, in- 
tellectual, and = cultural 


may or 


such cities as 


and Paris. great 
communion 
among these cities 

Until well into the 1920’s, the Soviet 
Union was overwhelmingly an agricul- 
Probably 
fewer than 15 percent of the population 
were city dwellers engaged in industry 


tural nation of rural people 


and commerce. The revolutionary gov- 
ernment which took over at that 
Cecided that the Soviet Union must 
become an industrialized nation. This 
is equivalent to the determination that 
it must 


time 


nation 
The great and pressing problem, then, 
was to build cities and move farm and 
country dwellers into them where they 
could be trained and formed into indus- 
trial 1960, the USSR has 
become a nation almost evenly divided 
in population between city and coun- 
try. Calculating from the basis of Rus- 
sian national population in 1925 and 
1960, this means that some 50 million 
former farm dwellers have been pro- 
vided with Furthermore, 


become an urbanized 


forces. By 


city homes. 
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over 25 million other persons whose 
homes were devastated by World War 
II have been provided with dwellings 
and other facilities and, finally, notable 
changes in standards of living among 
Soviet citizens of the last generation 
have added further construction tasks. 
In total, it that a number of 
persons approaching 100 million may 
have been provided in the Soviet Union 
in the last generation and a half with 
town and city dwellings and with most 
of the 
ities, 


seems 


accompanying 
such as factories, 
schools, etc. 


necessary facil- 
streets, 
A large part of this has 
been accomplished in the last 10 years 
and the pace is still rising so that today 
much of the Soviet Union looks like a 
vast construction 


stores, 


site. 


Construction magnitude impressive 


It must be pointed out, and knowl- 
edgable Russians are the first to admit 
this, that the standards and the quality 
of the resulting buildings have been 
generally mediocre and, in many cases, 
so low that only the dire Russian hous- 
ing emergency has Lermitted their ac- 
ceptance and use. Their structures have 
been improving rapidly in the last few 
years but they are still below the stand- 
ards and the quality which would be 
required for most American purposes 
Also intense crowding still persists in 
Russian 


urban communities and the 
amount of space available to the aver- 
age Soviet family is far below that 


enjoyed by the average American fam- 
ily. Thus, both qualitatively and quan- 
titatively, notable deficiencies are still 
evident. Nevertheless, the sheer volume 
of building 
plished 


which has been accom- 


constitutes a construction 
achievement of unprecedented magni- 
tude. To at all 
quired firm, shrewd, long-range deci- 
sions 


have done it has re- 


and relentlessly organized and 


expedited activity which must be seen 
to be appreciated should 
that this 


carried out 


Allowance 
the fact 


been 


also be made fo! 


building work has 


under immense pressure during a time 
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Fig. 3—Complete precast baths and 
other rooms ready for installation 


ed 


of wars and intense troubles in Europe 
and in the Soviet Union. 

The Soviet planners realized that 
they could not industrialize and urban- 
ize their country without industrializ- 
ing construction itself. Using traditional 
methods and materials, the time re- 
quired to do the job would have been 
excessive. The circumstances which led 
or forced them to a decision to con- 
centrate on the use of reinforced con- 
crete included the shortage of skilled 
labor, lack of a well-developed national 
transportation system, necessity of con- 
serving industriel energy, the amen- 
ability of reinforced concrete to indus- 
trial production methods and the rela- 
tive availability of materials for con- 
crete-making in many widely-scattered 
areas of the Soviet Union. 


Mechanization introduced 


By the of 1960, 2000 
factories were said to be on assembly- 
line production of precast concrete 
building units in the USSR and more 
were being built as rapidly as possible. 
Mechanization and automation have 
been introduced extensively into these 
Russian plants; to such an extent, in- 
deed, that the high capital investment 
involved would be seriously questioned 
if resorted to in comparable factories 
in the United States. However, the pro- 
ductivity of these Russian precast con- 
plants of 


apartments, industrial buildings, trans- 


summer over 


crete in terms completed 


portation structures, etc., 1s 
The 


im- 
of 


most 


pressive factory production 
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apartments, especially, has been carried 
to remarkable extremes in recent years 
Every component of the apartment 
building is precast, including founda- 
tions, walls, floors, roofs, stairways, 
and when used, beams, columns, and 
girders. Complete precast kitchens and 
baths with all service lines cast in place 
are delivered to building sites. Finally, 
in 1960, they began apartment construc- 
tion in which complete individual flats, 
including kitchen, bath, and two or 
more rooms are precast and piled to- 
gether in the necessary number to 
form a multiflat apartment building 
of any size proposed. With such pro- 
cedures in use, the working crew at 
the building site may comprise little 
more than a crane man and a half 
dozen moderately skilled laborers to 
attach crane slings and connect fittings 


Bold techniques 

This complete industrialization of 
construction is neither new in principle 
nor original with the Soviets. Nor do 
they claim that it is. Much the same 
may be seen in France, Germany, the 
Scandinavian countries, and elsewhere, 
usually producing better quality build- 
ings than have been turned out in 
Russia. But the Soviets have shown 
great boldness in carrying out this in- 
dustrialization to extreme limits in 
recent years. And they have exhibited 
ingenuity and high technical compet- 
ence in the mechanization, automation, 


Fig. 4—New style apart- 
ments. Each unit completely 
precast in factory then 
stacked on building site to 
form the final structure. 
Model in foreground 


and streamlined layout of their precast 
concrete factories. 

They have taken their climate into 
account in their building designs and 
practices. To assure the comfort of 
occupants, the Soviet concrete engi- 
neers have effectively developed insul- 
ating wall panels, using all means 
known elsewhere. Thus, sandwich pan- 
els with foamed concrete cores are a 
standard product. Likewise, they make 
extensive use of lightweight insulating 
aggregates, of porous concrete with 
open gap-graded aggregate mix, of 
double waffle-slab panels enclosing 
central insulating air zones, of concrete 
mixes incorporating wood fibers and 
other nonconducting organic’ sub- 
stances. All of these concrete products 
are manufactured in quantity by in- 
dustrialized methods developed largely 
in Soviet research institutes. Some of 
these methods and the equipment in- 
volved are quite unusual, for example, 
rolling mills which semicontinuously 
form waffle slabs up to 13 ft wide and 
20 ft long. 


Research 

The research institutes in which 
equipment and processes are developed 
have complete responsibility not only 
for the inception and initial research 
on an idea but also for carrying it 
through to final industrial practice 
This includes design and erection of 
such plants as well as their operation 





fo 
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for the period to achieve 
satisfactory commercial success. 

Thus, the Soviet cement and concrete 
research laboratories and staffs tend to 
be large, with a few running to a thou- 
sand or more workers in a single insti- 
tute, many of whom are field engineers 
and technicians. This centralization 
and continuity responsibility for 
scientific and technological develop- 
ment seems to have served the Soviet 


necessary 


of 


national purpose most effectively. A 
rather extended meaning of the word 
“research” arises from the nature of 


the Russian research institutes devoted 
to study of cement and concrete prob- 
lems. But by this extended definition, 
or by any other, it must be admitted 
that the Soviet commitments 
search and development are great in- 
deed; certainly exceeding those to be 
found in the United States or any othe! 
nation. 


to re- 


This central position of research and 
development in the Soviet scheme of 
things is pervasive throughout the ce- 
ment and concrete industries. The 
search institutes, which are, of 
government 


re- 


course, 


organizations, control o1 


guide every activity from geological 
search for raw materials to design of 
finished structures The intensive 


of 


standardization materials, designs, 
procedures and practices which results 
has the foundation of 


success to the Soviet building achieve- 


been necessary 


ment. But the high efficiency has been 
gained at the cost of a monotony in 
urban appearance which is difficult 


to disguise. 

Soviet concrete 
and well advanced 
Adding to their own extensive original 
studies, the Soviet scientists and engi- 


and 
are 


cement 
technology 


science 


neers also remain continuously well in- 
formed about the work and progress 
of others throughout the world. They 
exhibit willingness and a to 
communicate and exchange and 
information, much like their equals in 
western countries. The 
work carried out in their 
in their universities is 


desire 
ideas 
basic research 
institutes and 
extensive, 
planned, and competently done 


well 
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Fig. 5—Rolled reinforced concrete waf- 
fle slabs. In factory shipping yard 


Applied research and development 
work are done on a large scale. Be- 
cause of the powerful central position 
of the research institutes, results can 
be carried directly into practice with 
unusual speed. In consequence, change 
and in industrial and con- 
struction practices are not as hampered 
by the inertia of the immense and com- 
plicated Soviet planning organizations 
as many western observers think they 
must Progress seems particularly 
evident in the buildings of very recent 
years as compared with those erected 
only a few years earlier. 


progress 


be 


Quality concrete 

The principles of high quality con- 
crete making are well known and 
generally observed in the Russian pre- 
cast plants. Dry mixes, high in cement 
content, heavily vibrated, tamped, 
pressed or rolled into the forms and 
subsequently steam-cured under auto- 
natically controlled cycles are all in 
prevalent use. Many of the plants use 
curing cycles notably higher in tem- 
perature and somewhat shorter in time 
than is generally in the 
United States 

Natural aggregates high quality 
are relatively scarce over wide areas of 
the vast, geologically undifferentiated 
Soviet steppe and prairie lands. Some 
of the aggregates now in use there 
would be rejected in the United States, 


permitted 


of 








30 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1961 


}* oe 4 





Fig. 6—Bridge girders. Precast, pre- 
and post-tensioned 


but the Russian producers, driven by 
tremendous pressure of demand, com- 
pensate for unavoidable aggregate defi- 
ciencies by using high cement contents 
and other expensive but more or less 
effective procedures. The development 
and use of synthetic aggregates are 
vigorously pursued. Research work in 
this field has high priority 

Quality control in concrete plants 
receives reasonable attention and is 
generally of acceptable level although 
this is sometimes visibly weakened 
by local circumstances, such as poor 
aggregates, overextended methods, in- 
sufficiently skilled labor, and (as 
sometimes elsewhere) overwhelming 
pressure for production. Badly finished 
surfaces, edges, and corners of precast 
concrete structural members were still 
a surprisingly common sight in the 
USSR of 1960. At that same time much 
good concrete was also in evidence — 
so no entirely general conclusion can 
be drawn concerning quality in the 
Soviet Union any more than such con- 
clusions can be drawn in the United 
States. 


Cement plants 

Cement plants in the USSR are es- 
sentially like those in the United States 
With the exception of some major 
equipment still recently purchased 
abroad, all new and prospective plants 
are designed and built according to 
standards developed in one of several 
central research institutes. Productive 
capacity has been increasing at a great 


rate in recent years and continuing 
annual increases of some 7 to 8 million 
tons (35 to 40 million bbl) are planned 
for the years up to 1965. Nevertheless, 
demand continually exceeds supply and 
every expedient is used to extend the 
tonnage produced. Thus, additions of 
slags, pozzolans, reactive industrial 
waste products, fly ash, etc., to portland 
cement are almost universal. In fact, 
somewhat over half of the total cement 
tonnage produced is of portland-slag, 
portland-pozzolan, or other mixed type 
By definition, even “portland cement” 
may contain at least 10 percent of such 
admixtures. Naturally it would seem 
that the use of these various cements in 
the precast concrete plants would re- 
quire that careful attention be given 
to suitable and necessary variations in 
concrete mix proportions, curing cycles, 
etc., to accord with the characteristics 
of the cement used. However, the re- 
quirement is partly obviated by the 
fact that all cements are produced and 
purchased to standard strength per- 
formance specifications. Thus a Class 
300 portland cement is presumed to 
provide the same strength in a given 
concrete as is a Class 300 portland- 
pozzolan cement. Nevertheless, quality 
control of cement under this system is 
neither so close nor so reliable as to 
make cement testing entirely unneces- 
sary in concrete plants. Apparently 
local managerial discretion is required 
and permitted in this matter. 

The Soviet Union is engaged in a 
gigantic revolutionary leap from a rel- 
atively backward agricultural-rural 
past to a hoped-for industrial-urban 
future of ultra-scientific efficiency. It 
is attempting this on the basis of con- 
tinuous national planning operations on 
a scale and of a complexity never be- 
fore attempted. The success of these 
plans rests in no small measure on the 
maximum possible use of reinforced 
concrete 


Technical institutes 

If there had been an association 
like ACI in Russia, it would certainly 
now be playing a central and vital role 
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in the Soviet national scene. But an 
“ACI” which is a free association of 
individuals, organizations, and agen- 
cies banded together for mutual assist- 
ance and voluntary national service is 
not consonant with Soviet thinking and 
planning. They prefer an official fed- 
eral and regional network of research 
institutes and technico-economic coun- 
cils coordinated under state jurisdic- 
tion through an Academy of Con- 
struction and Architecture. This system 
constitutes a vast national “depart- 
ment of building technology” and it is 
evident to any objective foreign 
server that, relative to Soviet national 
purposes and circumstances, the 
succeeding within reasonable 
expectation. For, even after taking 
some dubious features into account, 
the effective advancement of building 
technology remains broadly visible and 
undeniable in Russia. 

To us in the United States, the tradi- 
tion of free and voluntary association 
in national technical societies such as 
ACI is a cherished principle. It has 
also been an effective means of pro- 
gress relative to American purposes and 
circumstances. It certain that 
the two systems for technical progress, 
the Russian and the American, will 
continue indefinitely in their separate 
and different ways. But this should 
not mean that the two must remain 
largely out of contact with each other 
ACI has become a strongly interna- 
tional body. It must be that we have 
much to give to our colleagues in the 


ob- 


sys- 


tem 1S 


seems 


concrete and construction industries 
of other lands for they join us 
willingly. It is also abundantly evident 


that ACI gains richly from its mem- 
bers in Canada, Latin America, Europe, 
Africa, and Asia. Almost 
advance in the historical 
concrete and technology has 
had its first roots in these areas outside 
of our boundaries. ACI serves its home 


every major 
progress of 


science 


country to great purpose by acting as 
a native yet international intermediary 
for bringing into common availability 
and use the results of progress made 
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in the realm of concrete 


technology and construction. 


Role for ACI 

I suggest that we of the American 
Concrete Institute give special consid- 
eration in the coming year to the pos- 
sibility of extending and continuing the 
communion of interests between Soviet 
and American which 
was established so amicably and effec- 
tively in 1960. The tremendous Russian 
commitment to research and develop- 
ment in cement and concrete technol- 
bearing early and in- 


everywhere 


“men of concrete” 


ogy is already 


teresting results. The output of im- 
portant ideas and information from 
their laboratories is certain to grow 


impressively in the future. It can only 
be to the common advantage of all 
concerned to add their contributions to 
the fund of information shared by all. 
The Russian cement and concrete sci- 
entists and engineers showed their de- 
sire to do this by their liberal and 
friendly participation in the Soviet- 
American exchange of 1960 

3ecause of the restraints on contact 
and communication which have per- 
sisted between the USSR and the USA, 
any plan or proposal for action by the 
American Concrete Institute toward 
their improvement would have to be 
made through carefully selected chan- 
nels. Due consideration will have to be 
given to all interests concerned, both 
governmental and private. The respec- 
tive two 
nations, through their branches which 
deal with building research and tech- 
architecture, 


academies of science of the 


nology, construction, and 
would probably be interested and help- 
fully concerned. In any through 
whatever channels or by whatever 
established, I 


case, 


means contacts may be 
believe that the American Concrete In- 
qualified to 
initiate, propose, and follow a 
opportunity of great potential value 
to the world. The work of building is 
a peaceful and constructive activity in 
The Soviet architects 
and builders live in a technical 


stitute is here uniquely 


service 


every country 


realm 
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of reinforced concrete. ACI is the 
largest and most diversified interna- 
tional society for the advancement of 
reinforced concrete. 

Reinforced concrete may provide the 
foundation for a continual and mu- 
tually advantageous meeting of the 
two great nations. May not we of the 
American Concrete Institute take a 
helpful and considered initiative? 

The first steps should be modest and 
may result in only modest progress. In- 


April 1961 


vitations and offers for contribution of 
papers, for participation in meetings, 
for exchange of visits and lectures 
these and other customary forms of 
contact and communication suggest 
themselves. 

I expect to propose that our ACI 
Board of Directors give thought to 
these matters. I hope that members of 
the Institute agree that the purposes 
are worthy of the effort. 


FOURTH INTERNATIONAL SYMPOSIUM ON THE 
CHEMISTRY OF CONCRETE 


The Fourth International Symposium on the Chemistry of Cement was held 
in the United States, October 2-12, 1960 under the joint sponsorship of the 
National Bureau of Standards, representing the United States government, and 
the Portland Cement Association in behalf of the cement industry in the 
United States and Canada. Over 250 chemists, physicists and engineers, represent- 
ing 35 countries, convened in Washington, D.C., Oct. 3-7, for the formal presen- 
tations of the symposium. About one-half of the participants were from the 


United States. 

Following the formal sessions, the 
overseas visitors motored cross country 
by bus to Skokie, Ill. The 2-day trip 
provided the opportunity for sight- 
seeing and observing highway systems 
and their use of concrete. At Skokie, 
3 days, October 10-13, were spent in 
seminars, discussions, and _ studying 
projects of the PCA Research and De- 
velopment Laboratories. 


Washington session 


The technical program at Washing- 
ton, D.C., was divided into seven major 
parts which covered: 

Chemistry of clinker 
Chemistry of hydration of ce- 
ment compounds 


Chemistry of hydration of Port- 
land cement. 


Properties of cement paste and 
concrete 


Destructive processes in concrete 
Chemical addition and admixtures 
Special cements 


Each of the major parts was allocated 
one-half day. Papers, supplementary 


papers, and written discussion were 
submitted in advance and copies pro- 
vided to all participants. 

All written and oral presentations 
were in English. The presentation of 
papers was limited to 15 min and sup- 
plementary papers and written dis- 
cussions were limited to 10 min each 
General discussion from the floor was 
permitted after presentation of the 
written contributions. 

At the first session A. T. McPherson, 
associate director, National Bureau of 
Standards, and G. Donald Kennedy, 
president, Portland Cement Association 
welcomed the participants to the sym- 
posium. Eberhard Spohn, president, 
Heidelberg Cement Co., West Germany, 
responded in behalf of the participants. 
Wallace G. Brode, former associate di- 
rector, National Bureau of Standards, 
and foreign science advisor to the De- 
partment of State, discussed ‘Some 
Problems Associated with the Growth 
of Science” and F. M. Lea, director, 
Building Research Station, United 
Kingdom, presented “Cement Research 
— Retrospect and Prospect.” 
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Chemistry of clinker 


The second session was devoted to 
the chemistry of portland cement 
clinker. Henri Lafuma, director, Cen- 
tral Laboratory for Research on Hy- 
draulic Cements, France, and R. H. 
Bogue, consultant, United States, pre- 
sided as cochairmen. The principal sub- 
jects discussed were: phase equilibria 
and constitution of portland cement 
clinker, crystal structure of clinker 
constituents, solid solutions of the min- 
erals of portland cement clinker, the 
effect of minor components on the hy- 
draulicity of the calcium silicates and 
the reactions of coal ash with portland 
cement clinker during the burning 
process. 


Chemistry of hydration 

The third session provided a discus- 
sion of the chemistry of hydration of 
cement compounds. Fritz Keil, director, 
Research Laboratories of the Cement 
Industry, West Germany, and Charles 
E. Wuerpel, vice-president, Marquette 
Cement Manufacturing Co., United 
States, presided as cochairmen. Among 
the subjects discussed were: the hy- 
dration of tricalcium silicate and beta- 
dicalcium silicate at room temperature, 
hydrothermal reactions and the steam 
curing of cement and cement-silica 
products, the hydration of calcium alu- 
minates and ferrites, and the influence 
of high pressure steam on the process 
of hardening of calcium and magnesium 
silicates and of different 
compositions. 


cements of 


Session four was devoted to a dis- 
cussion of the chemistry of hydration 
of portland cement. Niko Stutterheim, 
vice-president, South African Council 
for Scientific and Industrial Research, 
and Myron A. Swayze, director of re- 
search, Lone Star Cement Corp., United 
States, presided cochairmen. The 
principal subjects of discussion were: 
early hydration reactions of portland 
cement, false set in portland cement, 
the chemistry of hydration of portland 
cement, and procedures 
the hydration of cement. 


as 


for studying 
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Cement paste 

Wolfgang Czernin, director, Research 
Institute of the Association of Austrian 
Cement Manufacturers, and Hubert 
Woods, director of research, Portland 
Cement Association, United States, pre- 
sided as cochairmen of session five 
which was devoted to a discussion of 
the properties of cement paste and con- 
crete. The major topics discussed were: 
physical properties of cement paste, 
the microstructure of hardened paste, 
and volume changes and creep of con- 
crete. 
discussion of de- 
structive processes in concrete. Arturo 
Rio, director, Research Center of Ce- 
ment Manufacturers, Italy, and Douglas 
Parsons, chief, Building Technology 
Division, U.S. National Bureau of 
Standards acted as cochairmen. The 
subjects discussed were: chemical re- 
actions involving aggregates, frost ac- 
tion in concrete, and the resistance of 
cement pastes to aggressive media. 


Session six was a 


Session seven consisted of one paper 
on additions and ad- 
mixtures in cement paste and concrete 
by H. E. Vivian, Australia 

B. G. Skramtaev, member of the 
Presidium of the USSR Academy of 
Construction and Architecture, and A. 
R. Collins, director of research and 
technical service, Cement and Concrete 
Association, United Kingdom, were co- 
chairmen of eight which was 
devoted to a discussion of special ce- 
ments. 


some chemical 


session 


All written contributions to the Sym- 
posium will be published by the Na- 
tion Bureau of Standards as Proceed- 
ings of the Fourth International Sym- 
posium 


on the Chemistry of Cement 


Participation 

Participation in the Symposium was 
by invitation extended chiefly to per- 
sons actively concerned with research 
and development in cements and con- 
crete. The three previous symposia 
were held in London, 1918; Stockholm, 
1938; and London, 1952. The Symposi- 
um accepted an invitation from repre- 
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sentatives of Tokyo, Japan, to hold the 
next meeting in that city at a date to 
be announced. 


Skokie seminars 

Each of the 3 days at the PCA Skokie 
laboratories began with a tour of one 
of the facilities followed by discussions 
and seminars. The topics of the dis- 
cussions and seminars included road 
research and product development, 
manufacture of cement, destructive 


Michigan Chapter 
Discusses Pavements 


At its February meeting, the Michi- 
gan Chapter of ACI devoted the tech- 
nical portion of its program to a dis- 
cussion of concrete pavements. Mau- 
rice Greenberg, Engineer of Tests, 
Consolidated Laboratory Bureau, City 
Engineers Office, City of Detroit, spoke 
on “History of Paving Concrete and 
Concrete Control in Detroit.” He cov- 
ered briefly the history of street and 
sidewalk construction in Detroit from 
the era immediately after the Detroit 
fire before the Civil War to the present. 
Discussing the various types of street 
surfacing used in the early days, he 
noted that in 1877 Detroit placed its 
first “concrete” for a street. The con- 
crete was used as a base material over 
which sand was spread and cedar block 
paving was laid. The first real concrete 
paving was in 1899 and was a private 
paving project using granite aggregate. 
This area was then deeded to the city 
and is still being used as a street today 
and has not been resurfaced. In 1909, 
Wayne County paved with concrete a 
portion of Woodward Avenue, Detroit’s 
“main stem,” that is believed to be the 
earliest concrete pavement in the 
United States and perhaps the world. 
The City of Detroit also started paving 
with concrete at this time and a street 
paved in 1912 is still in service and has 
not been resurfaced 

Mr. Greenberg also discussed early 
construction methods and compared 
them with those used in 1960. Some of 
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processes in concrete, structural re- 
search, chemistry of hydration, struc- 
ture and properties of paste, analytical 
procedures, chemistry of clinker, fire 
research, and the long-time study of 
cement performance in concrete. 

A side trip to the AASHO Test Road 
at Ottawa, IIl., Oct. 13, gave the over- 
seas visitors another opportunity to 
see American progress in highway con- 
struction. 


the early concrete paving, the mixing 
and placing of which was by hand, 
used concrete so stiff that it had to be 
tamped in place. These methods were 
compared with today’s modern ma- 
chinery. Quality control and testing 
used in the two eras were also com- 
pared. 


RILEM International Symposium 
to be held in Prague in July 


The 15th meeting of the Permanent 
Committee of RILEM (Reunion Inter- 
nationale des Laboratoires d’Essais et 
de Recherches sur les Materiaux et les 
Constructions) will take place in 
Prague on July 31 at the Philosophical 
Faculty of the Charles University. Be- 
tween August 1-3 a symposium on the 
Durability of Concrete will be held 
dealing with: (1) theoretical problems 
of durability of concrete; (2) mechan- 
ics of concrete-texture deterioration; 
(3) durability tests and control; (4) 
composition and manufacture of dur- 
able concretes; and (5) experiences 
with concrete structures. 

French and English are the official 
languages of the symposium. A simul- 
taneous interpretation of both lan- 
guages, as well as Russian will be 
given. 

Following the symposium two ex- 
cursions connected with the inspection 
of some important buildings and con- 
structions will be organized: (1) to the 
famous spas of western Bohemia, Aug- 
ust 4-6: and (2) to Moravia and Slov- 
akia, August 7-12. 
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The symposium is being prepared 
within the framework of RILEM by 
the Czechoslovak Academy of Sciences, 
Institute of Theoretical and Applied 
Mechanics, Prague. 


Automation for cement 
blending processes 


Mixing and blending, such as in the 
cement and fertilizer fields, has long 
been an “art” but may succumb to 
automation according to statements in 
a paper, “A Study of a Generalized 
Model for Digital Computer Control 
of Blending Processes,” presented by 
G. E. Adams, General Electric Co., 
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ing processes. Digital computer contro] 
of blending processes has many ad- 
vantages according to Mr. Adams, par- 


ticularly in new plant construction. 
However, he believes that even in 
existing plants, the improvement in 


control over the quality of the finished 
product may justify the additional sen- 
sor and control equipment required. 


Ellington honored 


Harold S. Ellington has been awarded 
Honorary Membership in the Detroit 
Chapter of the American Institute of 
Architects. 

Mr. Ellington, president of Harley, 
Ellington, Cowin and Stirton, Inc., De- 





Phoenix, Ariz., to the American Insti- 
tute of Electrical Engineers. 

The recent development of digital 
control computers and of new types of 


troit, and former president of the Engi- 
neering Society of Detroit, was cited 
for his “immense influence in our pub 


lic and civic affairs” and efforts to ad 


sensors (such as the x-ray analyzers) vance the architectural and engineer 
has made possible the application of ing professions. Mr. Ellington has been 
the techniques of automation to blend- an ACI member since 1948. 
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CONCRETE PERFORMANCE REPORT: 


Controlled performance concrete was needed 


for TWA Terminal roof shell 


The 5500 ton roof of Eero Saarinen’s 
distinctive TWA terminal at Idlewild Air- 
port is an arch cantilever design—with 
four monolithic concrete shells, joined 
integrally at the centerplate, flowing out 
of four sculptured concrete buttresses. 

In proportioning the 4000 psi con- 
ventional concrete for the buttresses and 
lightweight concrete for the shells, 
special consideration was given to these 
factors: (1) lowest possible unit water 
content and low cement content to mini- 
mize shrinkage (2) careful control of 
slump which had to be varied for different 
areas of the shell (3) precise control of 
setting time to assure a completely mono- 
lithic structure for each shell and to 
permit scheduled removal of counter- 
forms (top forms) to allow finishing the 
surface to the final architectural contours. 
Also, in the buttresses and thick sections 
of the shell, a low rate of heat evolution 
was required to minimize thermal stresses. 


Preliminary work showed that these 
objectives were best met with PozZOLITH 
concrete. The trap rock concrete for the 
buttresses contained 606 lbs. cement and 
PoZZOLITH Retarder. The Norlite light- 
weight concrete for the shells contained 
614 lbs. of cement, PozzOLiTH Retarder 
and 23 gallons of water for the 5” slump 
mix required under the counterforms. 
By simply regulating the amount of 





PoZZOLITH Retarder for each individual 
load of concrete, the set was retarded, as 
required, in the range of one to four 
hours. The two batching stations got their 
instructions by field telephone from the 
concreting superintendent on the roof. 





EERO SAARINEN’S MODEL of new TWA unit terminal, Idlewild Airport, New York. Two-and-one- 
half year project scheduled for completion in late 1961. 50,000 sq. ft. lightweight concrete roof 
shell—supported by only four concrete buttresses — weighs 5500 tons, contains 3200 cu. yd. of 
Pozzo.itH concrete and 500 tons of steel. Architect: Eero Saarinen & Associates e Supervising 


Resident Architect: Ralph Yeakel e Consultin 
Anderson, Senior Partner in Charge e General 


Engineers: Ammann & Whitney—Boyd G 


ontractor: Grove, Shepherd, Wilson & Kruge, 


Inc.—Kenneth P. Morris, Field Project Manager e Testing: Haller Testing Laboratories, Inc. 
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NEW $15 MILLION SCULPTURE IN CONCRETE is as functional as it is breathtaking. Thickness of the 
lightweight concrete roof shell ranges from 8’ at the edges to 44”’ at the centerplate. Each of 
the four huge shells is a continuous monolithic section. 


TERMINAL 


Concrete was placed in a round-the-clock FOUR CONCRETE BUTTRESSES support 
i ving 27 h hell the massive shell. There are no in- 
Operation averaging < Ours per sneil. ternal columns. Buttress section is 
Removal of counterforms proceeded on schedule. shown below after form stripping. 
TI onal Gnished easily ith « i : Buttress surfaces will later be bush- 
ve concrete finished easily, with good texture cnet tn tee taatede eileen 
and no plastic cracking. There were no shrinkage by Architect Eero Saarinen. 
cracks in the entire shell. 28 day strength tests 
averaged 5000 psi. 

Master Builders fieldmen worked closely with 
the resident architect, engineer, contractor and 
ready-mix producer at the job site to achieve the 
common goal of maximum quality at lowest cost 
through controlled concrete performance. 


* 





























Write for your free copy of the detailed “TWA 
Terminal Concrete Performance Report”’. 


The Master Builders Company 


Division of American- Marietta Company 
pan: 


Cleveland 18, Ohio 


World-wide manufacturing and service facilities 


Our SOth Year 


MASTER BUILDERS. 
POZZOLITH ..... 


*PozzoLiTH is a registered trademark of The Master Builders Co. 
for its ingredient for concrete which provides maximum water 
reduction, controls rate of hardening and increases durability. 
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FOR NEW ALL-CONCRETE 
CANDY FACTORY 





Prestressed members, 
textured tilt-up walls 








Prestressed Units: 

Prestressed Concrete, Inc., Roseville, Minn 

Ready Mix Concrete For Tilt-up Slabs 

Guaranteed Concrete Company, St. Paul, Minn 
Light Weight Concrete Decking: 

Western Mineral Products Co., Minneapolis, Minn. 





e Prestressed beams, channels, and pre- 
cast columns provide the structural 
strength and large open floor areas needed 
for the Pearson Candy Company oper- 
ation at St. Paul, Minn. Lightweight con- 
crete roof decking and interesting tilt-up 
walls provide insulation and architectural 
effect, and complete the fireproof and low 
maintenance qualities of the building from 
roof to foundation. 

Lehigh Cements were used throughout. 
Lehigh Portland for tilt-up walls. Lehigh 
Early Strength for precast and prestressed 
members, and for the roof decking. 
Lehigh Portland Cement Company, Allen- 
town, Pa. 


LEHIGH 


CEMENTS 











; rd 


Owner 

Pearson Candy Company, St. Paul, Minn 
Architect: 

Thorshov & Cerny, Inc., Minneapolis, Minn 
Contractor: 

C. Q. Field Co., Minneapolis, Minn 











(Above) The 160’ x 390’ building is framed on 30’ 
x 30’ and 39’ x 30’ column centers. Beams are pre- 
stressed, columns precast. The floor area at the two 
story kitchen supports live load of 225 Ibs. per sq. 
ft. without reduction in column spacing. 


(Left) Most striking outward feature of the new 
Pearson factory is the tilt-up concrete wall. The 
interesting texture was achieved by casting the slabs 
on beds of gravel which had first been covered with 
plastic film. A total of 47 slabs 12’ high and of 
lengths from 5’ to 39’ was required 





504 prestressed channel slabs, each spanning 30’, 
were used in the roof. Over these, lightweight con- 
crete decking was used to insulate and reduce dead 
load. The simplicity of design seen in this picture 
indicates the ease with which an efficient building 
can be erected, using modern concrete construction 
methods. . 
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Positions and Projects 





World-wide visitors 
view ACI headquarters 

During the past year architects, en- 
gineers, and student groups from every 
continent in the world have inspected 
the Institute’s headquarters in Detroit, 


offering further evidence of ACI’s 
ocean-spanning prominence. 
Two of the most recent European 


visitors were Lyubomir Fournajieff, 
vice-president of Committee for Archi- 
tecture and Town Planning, and Marin 
Jermanoff, head of Department of 


Committee for Building, Sofia, Bul- 
garia. 
The visitors register shows recent 


guests from California, Illinois, Michi- 
gan, and Ohio. A group of 33 students 
from the University of Cincinnati in- 
cluded the headquarters building in 
their recent tour of unusual concrete 
structures in this part of the country. 


HRB conducts 40th 
annual meeting 


Nearly 3000 scientists, engineers, and 
public officials concerned with high- 
way transportation attended the 40th 
annual meeting of the Highway Re- 
search Board, January 9-13 at the 
Sheraton-Park Hotel, Washington, D.C. 

Delegates heard over 200 papers re- 
porting results of recent research in 
highway financing, engineering, con- 
struction, planning, traffic control, and 
administration 

January 9 was devoted to technical 
committee meetings with the opening 
general session on Tuesday morning, 
January 10. The broad theme of this 
meeting was “The Look Ahead.” 

Special ceremonies were held hon- 
oring the Transportation Corps, De- 
partment of the Army, which for 2 
years has cooperated with the Board 
and with the American Association of 
State Highway Officials in the AASHO 
Test Road project near Ottawa, III. 


Detroit CIB presents ‘60 
Concrete Achievement Award 


The 1960 Concrete Achievement 
Award sponsored by the Huron Port- 
land Cement Co. on behalf of the Con- 
crete Improvement Board of Metro- 
politan Detroit, has been awarded the 
Grosse Pointe Farms, Mich., architec- 
tural firm of Meathe, Kessler & Asso- 
ciates. This comparatively young firm 
in the Detroit area has gained a rather 
enviable reputation in the past few 
years for their interesting and enter- 
prising use of concrete in very 
beautiful buildings for which they have 
received recognition in national archi- 
tectural magazines. 

The award, in the form of an en- 
graved plaque, was presented this firm 
in recognition of their fine utilization of 
concrete in structures. 


some 


Six Alberta firms 
announce amalgamation 


Six firms have amalgamated to form 


the new company, Consolidated Con- 


crete Limited with headquarters in 
Calgary, Alberta, Canada. The com- 
panies involved in the merger were 
Consolidated Concrete Industries Ltd., 


Jefferies Concrete Products (Calgary) 
Ltd., Jefferies Concrete Products 
(Lethbridge) Ltd., True-Mix Concrete 
Ltd., True-Mix Aggregates Ltd., and 
Peerless Rock Products Limited. 
Two ACI members, R. M. Jefferies 
and L. A. Thorssen, are members of 
the newly appointed board of directors, 
comprised of representatives from each 


of the merging firms. Other company 
directors are A. S. Jefferies, E. J. Lutz. 
and R. F. Jennings. 

Another ACI member, B. A. Monk- 


man has been named executive vice- 
president and along with L. E. Smith, 
vice-president, will be responsible for 
the active management of the 
company 


new 
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Detroit CIB 
elects officers 


The Concrete Improvement Board of 
Metropolitan Detroit has elected E. T. 
MacCracken, Barton-Malow Co., chair- 
man for 1961. John A. Tucker, Ready 
Mix Concrete, Inc., was re-elected sec- 
retary; Bernard E. Ross, Wayne County 
Road Commission, treasurer. 

Directors elected for 3-year terms 
include James E. Hampton, American 
Aggregates Corp., Bernard E. Ross, 
Wayne County Road Commission, and 
Robert E. Wilde, American Concrete 
Institute. 

On Thursday, January 26, the CIB 
meeting was held at the Engineering 
Society of Detroit, Rackham Building, 
and about 80 members and guests were 
present. In addition to the usual busi- 
ness of the meeting, the annual Huron 
Achievement Award was presented to 
the Grosse Pointe Farms architectural 
firm of Meathe, Kessler & Associates. 





Admixtures 
for 
Concrete 


@ By ACI Committee 212 


Concrete admixtures are classified 
into 1] groups: accelerators, retarders, 
air-entraining agents, gas-forming 
agents, cementitious materials, pozzo 
ians, alkali-aggregate expansion inhibi 
tors, damp-proofing and permeability- 
reducing agents, workability agents, 
grouting agents, and miscellaneous. 

Chis 34-page report discusses each 
group and the important effects to be 
expected in using materials of each 
group. 


Order from Publications Depart- 
ment, American Concrete Institute, 
P.O. Box 4754, Redford Station, De- 
troit 19, Mich 


Price 75¢ 
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Kenneth D. Cummins, ACI technical 
director, presented a talk on Formwork 
of Structures based primarily on the 
recent report of ACI Committee 622, 
Formwork for Concrete. He augmented 
his talk with slides depicting failures 
due to improper construction of form- 
work and a number of pictures of in- 
teresting use of formwork in unique 
concrete structures including the Lam- 
bert Airport Terminal at St. Louis, 
Mt. Clemens savings and loan associa- 
tion building, Mt. Clemens, Mich., and 
St. Clemens Church in Centerline, 
Mich. 

Following Mr. Cummins’ talk, an 
interesting discussion was participated 
in by O. G. (Bill) Sharrar of O. W. 
Burke Co. and Paul S. Barton, form- 
work consultant, both members of ACI 
Committee 622. 


O’Leary joins 
Dewey and Almy 


Thomas F. O’Leary of Wellesley 
Hills, Mass., has been appointed as 
sales engineer for construction chemi- 
cals with the Dewey and Almy Chemi- 
cal Division, W. R. Grace and Co., 
Cambridge, Mass. 


AEC participates in 
radioisotopes conference 


The United States Atomic Energy 
Commission cooperated with the 
Chamber of Commerce of Greater 
Pittsburgh and the Pittsburgh chapter 
of the American Nuclear Society in 
presenting a Radioisotopes for Industry 
Conference, February 22 and 23 at the 
Penn-Sheraton Hotel, Pittsburgh. 

The conference provided information 
on important industrial applications of 
radioisotopes. Industry and Atomic 
Energy Commission speakers reviewed 
the management, economic, and safety 
considerations in the use of radioiso- 
topes. Speakers discussed improve- 
ments in production efficiency obtained 
by radioisotopes in industrial tracing, 
gaging, and radiography. 
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Verbeck lecturing at 
U of | materials seminar 


George J. Verbeck, manager, Applied 
Research Section, Portland Cement As- 
sociation, Chicago, is presenting a series 
of eight lectures at a seminar on the 
Physical Chemistry of the Behavior of 
Materials offered by the Department 
of Theoretical and Applied Mechanics, 
University of Illinois, Urbana 

Mr. Verbeck is a graduate of both 
Lawrence College, Appleton, Wis., and 
the University of Chicago in physical 
chemistry. His researches concerning 
numerous aspects of cement and con- 
crete technology have been published in 
the ACI JOURNAL and other technical 
publications. 

The first lecture was given on Feb- 
ruary 16 with subsequent lectures 
planned for 2:00 p.m. on approximately 
every other Monday running through 
May 25. 


Stepanek elected 
to Alpha board 


Harold F. Stepanek, secretary-treas- 
urer of Alpha Portland Cement Co., 
Easton, Pa., has been elected to the 
company’s board of directors. He fills 
a vacancy left last August by the death 
of former board chairman and 
dent, John F. Magee. 


presi- 


Lock Joint acquires 
Electro Chemical 


Lock Joint Pipe Co., East Orange, 
N.J., has acquired Electro Chemical En- 
gineering & Manufacturing Co., Em- 
maus, Pa., and its associated companies, 
in an exchange of stock 

Electro Chemical specializes in chem- 
ical resistant cements, linings, and coat- 
ings. According to Allan M. Hirsh, Jr., 
president of Lock Joint, the acquisition 
is an important step in Lock Joint’s 
entry into the field of corrosion resist 
ant construction materials. Electro 
Chemical will operate as a wholly 
owned subsidiary of Lock Joint 
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Huron names Rightenburg 
to key sales post 


Don Rightenburg has been appointec 
Detroit division sales manager for 
Huron Portland Cement Co., Detroit. 


PCA appoints Hansen 
to Paving Bureau 


Appointment of Harold W. Hansen 
as senior planning engineer of the Pav- 
ing Bureau has been announced by the 
Portland Cement Association, Chicago. 
He joined PCA on November 1, 1960. 
than 20 
years as a civil engineer, Mr. Hansen 
has held many responsible positions 
with both governmental and private 
organizations. He is a graduate of the 
University of Minnesota, Minneapolis 


In a career covering more 





Measuring, Mixing 
& Placing Concrete 


RECOMMENDED PRACTICE FOR 
MEASURING, MIXING AND 
PLACING CONCRETE (ACI 614- 
59). This ACI Standard outlines good 
practices for measuring and mixing 
the ingredients for concrete and for 
placing the finished product. Prac- 
tices designed to achieve maximum 
uniformity, homogeneity, and qual- 
ity of concrete in place are given 
Recommenda- 
tions cover handling of aggregates, 


special consideration. 
batching procedures, mixing require- 
ments, handling of mixed concrete, 
methods of placing concrete in forms, 
and consolidation. 32 pp. $1.00 per 
copy, 50¢ to ACI members. 
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LOOKING AHEAD 


Apr. 10-14, 1961—Phoenix Conven- 
tion, American Society of Civil 
Engineers, Hotel Westward Ho, 
Phoenix, Ariz 


May 11-13, 1961—Annual Conven- 
tion, National Lime Association, 
Grand Hotel, Point Clear, Ala 


May 15-16, 1961 — 4lst Annual 
Meeting, Society of American Mili- 
tary Engineers, Washington, D.C. 


May 16-18, 1961—1961 Spring Con- 
ferences, Building Research Insti- 
tute, Shoreham Hotel, Washington, 
D.C. 


June 25-30, 1961—64th Annual 
Meeting, American Society for Test- 
ing Materials, Chalfonte-Haddon 
Hall, Atlantic City, N. J} 


June 26-July 1, 1961 7th Inter- 
national Congress on Large Dams, 
Rome, Italy 


July 3-6, 1961—RILEM Symposium 
on Durability of Concrete, Prague, 
Czechoslovakia 


july 30-Aug. 13, 1961 RILEM In- 
ternational Symposium on the Dura 
bility of Concrete, Prague, Czecho- 
slovakia 


Aug. 30-Sept. 2, 1961 |ASS- 
RILEM Shell Colloquim, Delft, the 
Netherlands 


Sept. 4-6, 196] IASS Shell Collo 


guim, Brussels, Belgium 


Oct. 16-20, 196] Annual Conven 
tion, American Society of Civil 
Engineers, Hotel Statler, New York 


Oct. 15-19, 1961 7th Annual Meet 
ing, Prestressed Concrete Institute 
Brown Palace and Cosmopolitan 
Hotels, Denver, Colo 











Addenda 


The February story “Double-Shell 
Roof without Walls” omitted the name 
of Nicolas Esquillan of Boussiron En- 
terprises, Paris. Mr. Esquillan was re- 
sponsible both for the design and the 
construction of the Exhibition Palace 
of the Centre National des Industries 
et des Techniques described in that 
story. 


Errata 


The following corrections should be 
made in “Effects of Aggregate Size on 
Properties of Concrete,’ by Stanton 
Walker and Delmar L. Bloem which 
appeared in the March 1961 JOURNAL. 


p. 1234 In the seventh line of the 
third paragraph change “water-cement 
ratio” to “cement factor.” 

p. 1234 — In the 11th line of the third 
paragraph delete “water-cement ratio” 
and insert “cement factor (450 lb per 
cu yd).” 


p. 1234—Fig. N referred to in the 
eleventh line of the third paragraph 
was inadvertently omitted. Fig. N ap- 
pears below. 
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Fig. N—Gyenco test results 
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Converto leads the steel forms field! 


See the newestin steel 
forms for prestressed 
concrete! 


To the Industry’s most versatile 
form Converto has added two out- 
standing production features . . . 


EXCLUSIVE! Roll-Out cleaning and Break-Away 
ROLL-OR-BREAK GIANT TEE FORM —s “lee! Fast, easy release by pos: 
itive knuckle action . . . full, wide- 


open roli-back for cleaning. Only 
Converto combines these two 
actions on one precision-built 
form! 










CONVERTO FORMS ARE BETTER because Converto builds stronger . . . more accurately! 
Every Converto form is built of 7-gauge steel throughout. Perfect alignment is guaran- 
teed . . . and every form is pre-cligned on our own bed, built on our plant floor. These 
extra measures of care and quality ore the reasons for Converto’s continued popularity 
in hundreds of prestress and precast applications all over North America. 


CONVERTO BUILDS ALL 
TYPES OF STANDARD 
OR CUSTOM FORMS ! MANUFACTURING CO. 


CAMBRIDGE CITY, IND. 
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Rate of Hardening of Mortars Sieved from Concrete Mixtures 
by Proctor Penetration Resistance Needles—ASTM C-403 


The ASTM penetration resistance test of concrete is a procedure used to measure the 
rate of hardening of mortars sieved from concrete mixtures. The test is used to determine 
the effects of variables such as temperature, cement, mix proportions, additions, and 
admixtures on the hardening characteristics of concrete 
Fig. 1 (left) —- The watertight and nonabsorptive test molds has a minimum depth of 6 in 
and provides enough mortar surface for ten undisturbed readings of penetration resistance 
Fig. 2 (center) In the preparation of the test specimen, the concrete is sieved over a 
No. 4 (4760 micron) sieve to provide enough mortar to fill the test mold to a depth of 
6 in. The mortar is compacted by vibration or rodding in the test mold. Fig. 3 (right) 
The ASTM test involves forcing a steel needle into the concrete at regular time intervals 
and at a constant rate. The penetration force is measured on the penetration apparatus 
which is graduated from 10 to 130 Ib. The force is converted to pounds of resistance per 
square inch. Needles with six bearing areas from 1/40 to 1 sq in. end area are provided 
The larger needles are used first, with smaller needles used as the concrete stiffens 
The calibrated steel needle of the penetrometer is uniformly forced into the concrete to a 
depth of | in. in approximately 10 sec. The 1 in. depth is indicated by a scribe mark on 
the needle. ‘‘Initial set’’ has been reached when the resistance to the needle penetration is 
500 psi. ‘Final set’’ is defined as the point in the hardening process when the Proctor 
needle penetration reaches 4000 psi resistance. At this point, average concrete will have 
reached about 50 psi compressive strength. Photos courtesy Soiltest, Inc 


UA to offer graduate work for entering graduate work in this 








‘ terial i ‘ field. The Department of Chemical En- 
in materials engineering gineering of the College of Mines, as 


well as other UA departments, will 
participate in the new graduate pro- 
gram. 


The Department of Mining and Met- 
allurgical Engineering of the Univer- 
sity of Arizona’s College of Mines will 
offer the Master of Science degree in 
materials engineering beginning in 
September. 

Materials engineering deals with the 
compatibility of the different kinds of 
materials used in the development of 
devices that utilize nuclear energy. 
Metals, ceramics, plastics, and adhe- 
Ssives, as well as wood and concrete are 
examples of materials involved in the 
work. 

Students should have a _ bachelor’s 
degree in engineering to be qualified 


Hinds appointed personnel 
director of Master Builders 


William Hinds is the newly appoint- 
ed director of personnel for The Mas- 
ter Builders Co., Cleveland. 

Mr. Hinds has recently retired from 
active military service in the U. S. Air 
Force in the rank of Lt. Colonel. He 
returns to Master Builders having pre- 
viously served as a sales representative 
for the firm from 1938-40. 
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Freseman joins 
ACPA staff 


Howard P. Peckworth, managing di- 
rector of the American Concrete Pipe 
Association, Chicago, has announced 
the appointment of Ray C. Freseman as 
assistant to the managing director. 

Mr. Freseman is a graduate of the 
University of Minnesota, Institute of 
Technology, Minneapolis. For the past 
year he has been engaged as a design 
engineer specializing in foundation de- 
sign for the Meissner Engineers, Inc., 
Chicago. For 2 years previous to this 
he was with Ingersoll Rand Co. as an 
application engineer in their Minne- 
apolis branch. 


Miller assumes new post 
at Austin Company 


Loren C. Miller has been appointed 
assistant manager of the Chicago Dis- 
trict of The Austin Company, interna- 
tional engineering and 
firm, Cleveland 

Mr. Miller, who has been works 
manager of Austin’s Steel Fabricating 
Division in Cleveland, joined the Aus- 
tin organization in 1949 immediately 
after graduating from Case Institute of 
Technology, Cleveland, with a bachelor 
of science degree in civil engineering. 


construction 


CCI promotes two 
field engineers 


Calcium Chloride Institute announces 
the promotion of two Institute field 
engineers, H. Bobbitt Aikin and Harry 
A. Smith, to the newly created posi- 
tions of senior regional engineers. The 
position carries with it the duties of 
supervising field engineering, research, 
and other engineering and technical 
activities in assigned regions. 

Mr. Aikin, from the Institute Wash- 
ington, D.C., headquarters, has respon- 
sibility for the eastern-southern region. 
Mr. Smith, from Racine, Wis., will be 
in charge of the central-midwest re- 
gion. The combined services of these 
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two men amount to 13 years experience 
in calcium chloride usage, with specific 
emphasis on the concrete and highway 
industry. 


NCMA appoints new 
autoclave engineer 


Thomas B. Redmond, Jr. has been 
appointed to the newly created post 
of autoclave engineer for National 
Concrete Masonry Association. He will 
devote full-time attention to field stud- 
ies, development research, and consul- 
tation on matters pertaining to high- 
pressure steam curing of concrete ma- 
sonry units. He will headquarter at the 
NCMA office in Washington, D.C. 

Mr. Redmond is a 1957 graduate of 
the University of Florida, Gainesville 
Prior to joining the NCMA engineering 
staff he served as an engineering assist- 
ant to the director of research, Hydrau- 
lics Laboratory, Newport News Ship- 
building and Dry Dock Co., 
News, Va 


Newport 


Hubbard retires 
from NSA staff 


Fred Hubbard, associated with Na- 
tional Slag Association, Washington, 
D.C., for the past 35 years, has retired 
as director of research and chairman 
of the NSA technical committee, and 
as consulting engineer for the Standard 
Slag Co., Youngstown, Ohio 

In recognition of his outstanding 
service to the slag industry, the Slag 
Association, at its 43rd annual meeting 
presented Mr. Hubbard with this asso- 
ciation’s first Award of Merit. 

During the early part of his career 
he was employed by the Carnegie 
Steel Co. as field engineer and super- 
intendent of construction. Here he had 
his first introduction to the use of blast 
furnace slag, primarily as an aggregate 
for portland cement concrete used as 
heavy steel mill foundations 

In 1925 he joined the staff of the 
Standard Slag Co. and since then has 
devoted his entire time to the develop- 
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ment and promotion of blast furnace 
slag as a commercial aggregate. During 
ihe past 35 years he has served NSA in 
many capacities; as a member of its 
board of directors, as director of re- 
search, and as chairman of its technical 
committee. He was the official delegate 
of the American Slag Industry at the 
International Conference on the Utili- 
zation of Blast Furnace Slag, held in 
Brussels, Belgium, October, 1954. 

A recognized authority on the utili- 
zation of slag, much of Mr. Hubbard’s 
research has been published in the 
ACI JOURNAL and other technical pub- 
lications. He is currently a member of 
ACI Committee 115, Research, and 
Committee 613, Recommended Practice 
for Proportioning Concrete Mixes. 


Ilinois Highway and Traffic 
Engineering Conferences held 


The 47th annual Illinois Highway 
Engineering Conference was held at the 
University of Illinois, Urbana, February 
28-March 2, and the 13th annual Illinois 
Traffic Engineering Conference was 
held at the University on March 2-3. 

Ellis Danner, professor of civil engi- 
neering, University of Illinois, was 
Highway Conference director. Some of 
the major topics discussed were quality 
conirol of concrete, economic forecasts, 
and relationships between urban plan- 
ning and highway planning. 

John Baerwald, professor of civil 
engineering, U of I, was Traffic Con- 
ference director. Major topics in this 
conference covered community plan- 
ning and traffic and topics of general 
interest to traffic engineers. 


Huron promotes Miller 


The promotion of Blaine E. Miller to 
the position of assistant general sales 
manager, Commercial, Huron Portland 
Cement Co., Detroit, has been an- 
nounced by Clarence L. Laude, vice- 
president in charge of sales. 

Since 1957 Mr. Miller has been Mich- 
igan division manager of the company 
and has had charge of outstate Michi- 
gan and Indiana sales. 
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Lenawee Construction 
changes firm name 


Lenawee Construction Co., general 
contractors, Adrian, Mich., has been 
renamed Goodrich-Hazen, Inc. There 
will be no personnel changes. 


Zeevaert collaborates 
on embassy design 


Leonardo Zeevaert, Mexico City ar- 
chitect, and Carolos Contreras have col- 
laborated with the firm of Southwest- 
ern Architects and Engineers, Austin, 
Tex., on the design of the new USS. 
embassy now under construction in 
Mexico City. 

The $4.9 million building will have 
reinforced concrete walls covered with 
marble and aluminum. The structure, 
221 x 150 ft with an interior patio of 
90 sa ft, will have six floors and two 
penthouses, making it one of the larg- 
est U.S. embassies. 


Kulka named to head 
Lin division office 


Felix Kulka has been named to head 
a new San Francisco division office 
of T. Y. Lin & Associates, consulting 
structural engineers specializing in pre- 
stressed concrete. 

Mr. Kulka, an associate of the firm 
since 1955, has been active in the de- 
sign of prestressed concrete multi- 
storied structures, particularly in the 
use of lift slabs, and in the design of 
thin shells. During his tenure with the 
organization he has been responsible 
for design work on such major projects 
as the prestressed thin shell roof of the 
Hipodromo Nacional, Caracas, the Nor- 
ton Building, Seattle, the IBM Re- 
search Center, Westchester County, 
N.Y., and developments in Kuwait and 
Baghdad. 

At present he is representing the 
firm as consultant to Anshen and Allen, 
San Francisco architects, on the pro- 
jected University of California park- 
ing structure. 
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‘61 Solite student 
awards announced 


Three senior students of architecture 
at the Virginia Polytechnic Institute, 
Blacksburg, have won cash prizes total- 
ing $750 in the 1961 Solite 
Competition. 

Lyles M. Harding, Jr., Norfolk, re- 
ceived first prize for his execution of 
the 1961 competition project. Herman 
J. Beckstoffer, Jr., Richmond, and 
Robin R. Dearing, Roanoke, placed sec- 
ond and third in the competition. 

The contest sponsored annually by 
the Solite Corp., Richmond, is open 
only to senior students of architecture. 
It is primarily intended to encourage 
fresh and creative architectural de- 
sign, particularly in the use of Solite 
lightweight structural concrete and 
masonry units. A similar competition 
is held at the University of Virginia, 
Charlottesville. 


Awards 


Master Builders transfers 
Kennedy to Fort Lauderdale 


William T, Kennedy has been as- 
signed as manager of The Master Build- 
ers Co.’s sales and field service facilities 
in Fort Lauderdale, Fla. 

Mr. Kennedy has been with the com- 
pany 6 years and for the past year has 
worked out of the division office at 
Miami. He is a graduate of Ohio State 
University, Columbus. 


Bohn promoted to Dundee 
technical staff 


Homer C. Bohn, one of the first sales 
representatives of the 2-year old Dun- 
dee, Mich., has been promoted to tech- 
nical service engineer. 

Mr. Bohn joined Dundee in 1959 
several months before production ac- 
tually began at the plant. He had pre- 
viously served as a civil engineer with 
the Michigan State Highway Depart- 
ment, Lansing, and as sales enginee! 
with American Prestressed Concrete, 
Inc., Centerline, Mich. 
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ASL AOAMERRMER SE 
Francis A. McAdam 


Francis A. McAdam, director of re- 
search and development of the Huron 
Portland Cement Co., Detroit, 
recently at the age of 58. 

Mr. McAdam joined Huron Portland 
Cement in 1954. Prior to that he was 
with Dewey and Almy division of 
Grace Chemical Co., Cambridge, Mass. 

A structural engineer, Mr. McAdam 
headed the Nonmetallic Section, Build 
ing Materials Division of the War Pro 
duction Board during World War II 


A native of 


died 


Newport, R.I., he was 
a member of the American Concrete 
Institute, American Society for Testing 
Materials, and the Mining 


Congress. 


American 


Maurice X. C. Weinberger 


Maurice X. C 
partner in the 


Weinberger, a senior 
consulting structural 
engineering firm of Weinberger, Frie 
man, Leichtman & Quinn, New York, 
died recently at the age of 80 

Mr. Weinberger received a degree in 
civil engineering from New York Uni 
Following graduation he 


versity spent 


6 years in the Phillippines working fo! 
the United States Government in the 
erection of bridges and the making of 
roads. 

In 1923 he was a founder of Weiss 
berger & Weisshoff predecessor ol the 
present firm. Mr. Weinberger was ac 
tive in the structural engineering work 
for the present Madison Square Garden 
and a number of theatres including the 
Ziegfield, Music 30x, 
Loew’s State. He also did the structural 


Capitol, and 
and apartment buildings and _ fo 
engineering for many Manhattan office 
Loew’s theatres in many parts of the 
world 

he ACI, Inte1 


national Society of Bridge and Struc 


He was a member of t 


tural Engineers, and the Americar 
Welding Society 
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If you're cramped for storage 
space, your reference set of ACI Jour- 
nal volumes can be supplied on mi- 
crofilm, for viewing through reading 
machines. It’s an economical means of 
maintaining a file of ACI material. 


Listed below are the Proceedings 
Volume numbers, along with prices. 
Numbers in parentheses are the cor- 
responding Journal Volume numbers. 
V.46 (21) 1949-50, $4.30; V.47 (22) 
1950-51, $3.95; V.48 (23) 1951-52, 
$4.20; V.49 (24) 1952-53, $4.20; V.50 
(25) 1953-54, $4.45; V.51 (26) 1954- 
55, $4.95; V.52 (27) 1955-56, $4.65; 
V.53 (28) 1956-57, $6.20; V.54 (29) 
1957-58, $5.50; V.55 (30) 1958-59, 
$6.75 


Send your order to: 


University Microfilms 
313 N. First Street 
Ann Arbor, Michigan 











Hanly retires 


Hunter W. Hanly, rounding out some 
55 years of civil and structural engi- 
neering experience, has announced his 
retirement from the firm of Hanly & 
Young, Cincinnati. 

Having started his professional ca- 
reer in the construction field in 1906, 
when just out of college, he has been 
continuously engaged in concrete proj- 
ects throughout the years. He has been 
an ACI member for the past 40 years. 
Mr. Hanly is now located in St. Paul, 
Minn. 

Mr. Hanly’s partner Truman P. 
Young will continue the firm under 
the name of Truman P. Young and 
Associates, civil and structural engi- 
neers. 


NSGA and NRMCA conduct 
15th annual short course 


The National Sand and Gravel As- 
sociation and the National Ready 
Mixed Concrete Association held the 
associations’ 15th Annual Short Course 
on Concrete and Aggregates at the 
University of Maryland, College Park, 
the week of November 14-18. 

The course was divided into three 
parts to permit some flexibility in se- 
lection of subject matter. Part 1 cov- 
ered lectures and classroom work deal- 
ing with concrete technology. Speak- 
ers discussed the selection of concrete 
proportions; aggregate tests and spe- 
cifications; factors affecting strength of 
concrete; vray concrete; and re- 
lated subjects. Part 2 featured seminars 
for discussion of technical problems of 
the industries with emphasis on opera- 
tions. Part 3 consisted of laboratory 
tests of aggregates and concrete. In 
addition to the NSGA and NRMCA 
staff, several outside speakers took 
part in the instruction. 

One of the guest speakers at the 
short course, Richard C. Mielenz, pre- 
sented a comprehensive discussion of 
“Admixtures and Other Aids for Con- 
crete.” Classifying admixtures into 12 
types, Dr. Mielenz discussed each type 
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separately with regard to their func- 
tions in concrete, the general nature 
of their formulation, and the alterations 
in concrete characteristics which may 
be expected from their use. He thor- 
oughly discussed water-reducers, sub- 
divided into four classifications de- 
pending on their composition. He dis- 
cussed factors involved in proper se- 
lection and use of these materials and 
the procedures necessary for their ap- 
plication to improve the competitive 
position of portland cement concrete 
and broaden its application. 


Plotkin joins Truscon 
sales staff 


Harold S. Plotkin, formerly associ- 
ated with Sonneborn Chemical and Re- 
fining Corp., New York, has joined 
the sales staff of the Truscon Labora- 
tories of Detroit and New York. 


Dewey and Almy 
announce appointments 


Richard T. Spada has been appointed 
to a newly-created position as special 
assistant to William M. Rand, Jr., Con- 
struction Chemicals sales manager of 
the Dewey and Almy Chemical Divi- 
sion, W. R. Grace & Co., Cambridge. 
Richard G. Allen will assume Mr. 
Spada’s former position as midwest 
sales manager for the firm. 


Crimm joins Admixtures 
as sales manager 


Ralph G. Crimm, Jr. has joined Ad- 
mixtures, Inc., Upper Darby, Pa., as 
sales manager. He had served for 4 
years as sales and technical repre- 
sentative with the Dewey and Almy 
Chemical Division, W. R. Grace and 
Co., Cambridge. Dewey and Almy is 
the manufacturer of the construction 
chemicals distributed by Admixtures, 
Inc. and 21 other distributors in the 
United States and Canada. 

Mr. Crimm is a member of ACI 
Committee 401, Specifications for 
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Structural Concrete, a member of 
ASTM Committee C-9, Concrete and 
Concrete Aggregates, and a member of 
the American Association of Military 
Engineers. 


Swayze retires 
from Lone Star 


Myron A. Swayze recently retired 
from Lone Star Cement Corp., New 
York, after 26 years as director of re- 
search. 

Graduating from Case Institute of 
Technology in 1912, Mr. Swayze joined 
the Lone Star Cement plant, Dallas, 
Tex., in 1913 as assistant chief chemist. 

A Wason Medalist in 1942 for note- 
worthy research reported in the paper, 
“Early Concrete Volume Changes and 
Their Control,” Mr. Swayze has au- 
thored numerous technical papers for 
publication in the ACI JourRNAL. Long 
active in ACI, he served as a director 
in 1944-45 and 1948-50, and on the 
Technical Activities Committee in 1951- 
1953. 


Franke named a director 
of Penn-Dixie Cement 


The election of William B. Franke, 
outgoing Secretary of the Navy, as a 
director of Penn-Dixie Cement Corp., 
New York, was recently announced by 
B. W. Bruckenmiller, president. 

Mr. Franke has been active in gov- 
ernmental affairs since 1948. He served 
as assistant secretary of the Navy from 
1954 to 1957 and under secretary from 
1957 until his appointment as secretary 
in June, 1959. 


PCI changes ‘61 
convention date 


The 7th annual meeting of the Pre- 
stressed Concrete Institute will be held 
October 15-19 at the Brown Palace 
and Cosmopolitan Hotel, Denver, Colo. 
The meeting was originally announced 
as scheduled for June 4-8. 
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Bigger... More Comprehensive 


ACI BOOK 
OF STANDARDS 


This newest edition of a long popular, au- 


1959 Edition 


thoritative publication now contains 15 ACI 
Standards, recommended practices, and 
specifications to guide you through a welter 
of construction problems. Expanded to 
376 pages. 


@ Building Code Requirements for Reinforced Concrete 
(ACI 318-56) 


Winter Concreting (ACI 604-56) 
Hot Weather Concreting (ACI 605-59) 
Selecting Proportions for Concrete (ACI 613-54) 


Selecting Proportions for Structural Lightweight Concrete 
(ACI 613A-59) 


Measuring, Mixing and Placing Concrete (ACI 614-59) 
Precast Concrete Floor and Roof Units (ACI 711-58) 
Application of Portland Cement Paint (ACI 616-49) 
Reinforced Concrete Chimneys (ACI 505-54) 


Evaluation of Compression Test Results of Field Concrete 
(ACI 214-57) 


Application of Mortar by Pneumatic Pressure (AC! 805-51) 
@ Design of Concrete Pavements (ACI 325-58) 


@ Specifications for Concrete Pavements and Concrete Bases 
(ACI 617-58) 


Construction of Concrete Farm Silos (ACI 714-46) 


Test Procedure to Determine Relative Bond Value of Re- 
inforcing Bars (ACI 208-58) 


Price: $5.00 
To ACI Members: $2.50 


ERic 
WON 





concrete PUBLICATIONS 








& 
Oy P.O. Box 4754, Redford Station Detroit 19, Mich. 
rit 








-——_— © = 


mm ae ab 


ant =? 6... ot hs CH 


NEWS 


Honor Roll 


Feb. 28, 1961 


Many members have told us how helpful their 
ACI affiliation has proved to them. If this is your 
sentiment, too, you can help the ACI cause 
by telling the ACI story to other likely members 
in your area. 


Jan. | 


Remember, you will be the one who benefits 
from an increased membership because many 
new members uit.mately contribute workable 
ideas that you can adapt to your own concrete 
work. 


U. Ersoy 12 
J. W. Connell 9 
M. Skowronski 742 
K. J. Cavanagh 6 
J. J. Creskoff 6 
W. C. Krell 6 
K. K. Nambiar 6 
J. Spinel L 6 
S. Hobbs 5 
A. Marin E 5 
P. W. Abeles 41, 
A. B. Adams 3 
M. Ancizar-Duque 3 
R. A. Backus 3 
R. O 3eauchemin 3 


F. Brodigan 


P. G. Bibbes 3 
C. A. Carbonell 3 
Cc. F. Carpenter 3 


J. R. Florey 
L. Flores A 
R. J. Frewen 
J. L. Gilliland, Jr 


P. H. Greenfield 3 
S. Gursoy 3 
H. W. Hanly 3 
K. D. Hanson 3 
L. R. Harvey 3 
A. T. Hersey 3 
T. R. Jones, Jr 3 
M. DPD. Keller 3 
J. W. Kelly 

E. R. Kummerle 3 
L. R. Lauer 3 
P. E. Lin 3 
B. I. Maksymec 3 
G. S. Maynard 3 
H Mortarotti 3 
W. E. Moulton 3 
A. J Mullkoff 3 
G. M. Nordby 3 
P. P. Page, Jr 3 
H. C. Pfannkuche 3 
O. O. Pfutzenreuter 3 
M. P. Poucher 

W. Poznak 

R. A. Ramsay 

I. S. Rasmusson 3 
¢. E. Reynolds 3 
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Point System 
1 point for Student; 2 points tor Junior; 3 
points for individual; 4 points for Corpera- 
tion; and 5 points for Contributing. 

M. Rothman 3 
F. Sardeila 3 
K. Shirayama 3 


Sienerth 

M. Stein 

L. Y. Sun 

P. B. Tenchavez 
*. W. Thomas 


M. J 


I 

S. M. Uzumeri 
E. S. Vieser 

G. B. Welch 

E. P. Willett 

V. S. Winkel 

H. Yashiro 

E. F. Young 

». Z. Zia 

G. H. Albright 
D. Bonner 

A. Burchard, Jr 
W. M. Cohen 

H. W. Conner 

D. Drybrough 

R. C. Entwisle 

Cc. E. Eriksson 
P. M. Ferguson 
E. I. Fiesenheiser 
V. K. Handa 

K. Herlevsen 

E. Hognestad 

K. A. Howard 

J. F. Keane 

J. A. Kleine-Kracht 
Cc. C. Lim 

R. D. Siaco 

J. R. Sondhi 
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New Members 





The Board of Direction approved applications 
in the following categories: 76 Individual, 1 Cor- 
poration, 25 Junior, and 27 Student, making a 
total of 129 new member. Considering losses due 
to deaths, resignations, and nonpayment of dues, 
the total membership now stands at 10,375 


INDIVIDUAL 
Apte, M. P., Bombay, India (Chf. Engr. & 
Dir., S. B. Joshi & Co. Pvt. Ltd.) 


BecKER, FRIDOLIN, Morrken, Aargau, Switzer- 
land (Rsch. Dept. Hd.) 

Brame, W. V., Chicago, Ill (Dir., 
Mnegt., Bedford Constr. Co.) 
Brooks, WAYNER, Fresno, Calif 

Engr., USBR) 


Constr 


(Rotational 
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Why Store Your 
JOURNAL Copies in 
the Basement or Attic! 


There is an easier and neater 
way! Get the Bound Proceedings 
Volume 56, containing 64 pa- 
pers and reports originally pre- 
sented in the ACI JOURNAL 
from July 1959 to June 1960. 
Current Reviews, Concrete 
Briefs, and Index are also in- 


cluded. 


Handsomely bound in a long- 
lasting blue hard cover, it’s a 
compact package to place on the 
shelf in your office or home. A 
permanent collection of authori- 
tative JOURNAL papers cover- 
ing most aspects of concrete 
technology. 


Use the coupon to order your 
copy today! 


Price $21.00; $7.50 to ACI 
Members 








i. a. te ae are 2c eee 


Publications Department 
American Concrete Institute 
P.O. Box 4754, Redford Station 
Detroit 19, Michigan 
Please send me a copy of the ACI Proceed- 
ings Volume 56. 
My check for is enclosed. 
Check appropriate box: 

Member [] Nonmember [] 
Name 


Address 


r-- 


Burton, M. A. B., London, England (Sr 
Engrg. Asst., Chf. C. E. Off., British Rwys.) 

CASTILLO MARTINEZ, HEBERTO, Mexico, D. F., 
Mexico (Engr.) 

CERESER, SILVANO, Quito, Ecuador (Tech. Dir. 
Simar C. A.) 

CuHapwick, Terry, Cheadle Hulme, Cheshire, 
England (Cons. Engr.) 

CHAPHEKAR, V. R., Bombay, India (Gen. Mgr 
& Dir., S. B. Joshi & Co. Pvt. Ltd.) 

CHEELEY, Emmet D., Honolulu, Hawaii (Supt., 
Honolulu Const. & Draying Co., Ltd.) 

Cun, Trmotuy, Kuala Lumpur, Malaya (Lec- 
turer, Engrg., Univ. of Malaya) 

Corpova VELEZ, ENRIQUE, Santurce, P. R. (Dist 
Megr., Sika Panama, S. A.) 

CoucHERON, ANpDoR, Oslo, Norway (C. E.) 

Crisci, DoMENIK, Miami, Fla. (Struct. Engr.) 

Czark, STANLEY R., East Meadow, L. I., N. Y 
(Struct. Engr.) 

Davis, FRANK, Mombasa, Kenya (Cons. Struct 
Engr.) 
DEKKER, JAN J., Mandeville, La (Struct 
Engr., Prestrd. Conc. Prods. Co., Inc.) 
pEMELLO, Victor F. B., Sao Paulo, Brazil 
(Dir. of Wks., Geotecnica S. A.) 

Dorey, D. B., Halifax, N. S., Canada (Cons 
C. E.) 

Dutacit, Nepmm, Ankara, Turkey (Chf. Engr., 
Struct. Anal. Div., Min. of Wks.) 

DvuvaLL, Betmon U., Cincinnati, Ohio (Matls 
Engr., Ohio River Div. Labs.) 

Economou, Stavros, Athens, Greece (C. E., 
Doxiadis Assocs. Cons. Engrs.) 

FarKAs, Emery, Cambridge, Mass. (Sr. Rsch 
Chem., Dewey-Almy Chem. Div.) 

FasuLLo, Eucene J., Brooklyn, N. Y. (Engrg 
Desr., Port of N. Y. Auth.) 

FISCHER, CHRISTIAN G., Toms River, N. J 
(Owner) 

FLETCHER, HERBERT R., Detroit, Mich. (Sales 
Engr., Conc. Steel Corp.) 

Forest, MIcHAEL, New Barnet, Herts., England 
(Sr. Engrg. Asst., British Rwys.) 

GopMaAN, Ricuarp F., Dartford, Kent, England 
(Sr. C. E., Mott, Hay & Anderson) 

Gyturnc, AKE, Stockholm, Sweden /(Engr., 
AB Industrimetoder) 

HoOFFMEYER, THEODORE A., Minneapolis, Minn 
(Constr. Supt., McGough Constr. Co., Inc.) 

Hott, RAnpotpx E., Albuquerque, N. M 
(Struct. Engr., Eugene Zwoyer & Assocs.) 

IRAGORRI, JAIME, Miami, Fla. (Div. Mgr., 
Maule Ind., Inc.) 

JARAMILLO R., Efrain, Bogota, Colombia (C 
E., Comacho, Carrizosa) 

JENKINS, JOHN R., Ft. Lauderdale, Fla. (Engr., 
R. H. Wright, Inc.) 

KNIcHTsS, CHARLES Dovucias, Durban, S. Africa 
(Cons. Engr.) 

Lasse, Guy, Chicoutimi, Que., Canada (Struct 
Engr., Wm. Gravel, Cons. Engr.) 

Marncuy, Rocer, Quebec, Que., Canada (Cons 
Engr.) 

Mautitoy, A. J., Houston, Tex. (Vice-Pres., 
Lockwood, Andrews & Newnam, Inc.) 


— -- i 


NEWS LETTER 33 


Membership in the American Concrete Institute 


To facilitate prospective members in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing 
these forms to the attention of those who may profit from membership 
advantages. All who have an interest in concrete are eligible for mem- 
bership. The grades of membership are described below. 


Members have at hand in Institute publications the most complete 
fund of knowledge on concrete. The ACI Journal provides them with 
the latest information and ACI special publications provide them with 
the complete picture of specific problems. Through conventions, and re- 
gional and area meetings, they are afforded the opportunity of meeting 
those whose experiences provide the new information, and of exchang- 
ing ideas with them. 

ACI’s world-wide membership is growing in extent and participation 
—traveling a common road toward better, more economical and durable 
concrete structures. ACI provides a common ground in the search for and 
use of new “working tools” in concrete design, manufacture, and erec- 
tion—and its interpretation. 


U.S. and Possessions, Canada, Mexico, ) 
Individual Members Central America, and West Indies $20.00 
Individual Members (All other foreign countries) 16.00 
Corporation Members 65.00 
Junior Members—nonvoting (under 28) 10.00 
Contributing Members 135.00 
Student Members—nonvoting (under 28) 5.00 
Please enclose remittance with application (cut here) 
Board of Direction, American Concrete Institute Date 


P. O. Box 4754, Redford Station 
Detroit 19, Michigan 


The undersigned hereby applies for admission to the American Concrete Insti- 
tute as (] Individual [1] Corporation [] Contributing [1] Junior [1] Student Mem- 
ber and agrees to be governed by the Charter and Bylaws 


Name and complete mail address of proposed membership (Address to which Journal is t 


be mailed—please letter 


For Corporation Membership, ACI representative will be 


Date of Birth (Juniors and Students only) - _ 
Year Month Day 


College or University attending (Students only 


Signature 


Month & Year of Graduation 


(Proposed by ) please print 
(Students Only) 


For our records, please complete both sides of application. 
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NOTES on Membership Classification 


The ACI advertising and editorial departments need definite information 
concerning job title, classification, business affiliation, and principal re- 
sponsibility of all members. Thus, the information requested on the clas- 
sification form below is especially important. 


The applicant should designate his title or position such as: construction 
superintendent, research director, technician, draftsman, structural engi- 
neer, inspector, plant superintendent, highway engineer. The occupation 
of the applicant should be that which is most frequently performed. The 
principal responsibility of the applicant is that specific area of his job 
for which he is primarily concerned. 


Classification is not based on what interests you, but on what you do— 
what office or job you fill. When completing the form below, please 
check the one item in each section that is most applicable to that par- 
ticular section. 


ACI editors want to know your interests—they welcome suggestions as 
to what you’d like to see discussed in the ACI Journal and of the pos- 
sible sources. Please attach a separate note or letter. 


MEMBER CLASSIFICATION 


a a ieee 

OCCUPATION . (Check the one most applicable) 

1] Arch [J Engr [J Construction Supervision [j Plant Management or Su- 
pervision [j Teaching [ Student [ Other (please state) 





a, eS See ee ee , ictal aaa 
(Name of Company) (Street Address) (City and State, or Country) 

(0 Architect [J Contractor [J Consulting Engr [j] Engr Firm [) Manufac- 

turer or Producer (specify product) 

Government [] Fed [j State [ County [J City [ Educational Institution 

(1) Commercial Testing Laboratory [ Public Utility [] Trade Assn [ Library 

(1) Other (please state) 





PRINCIPAL RESPONSIBILITY (Check the one most applicable) 
O Design [J Construction [j Consulting [ Purchasing [ Sales (9 Ad- 
vertising [) Research [] Administrative (state position) 

0) Other (please state) 








Do you [J Specify [j Authorize [) Recommend, purchase of materials or 
equipment? 
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Marx, WILLIAM H., St 
Engr.) 

Masri, Nasrx, Amman, Jordan 
Sect., Govt. of Jordan) 

McKenna, B. R., Urbana, IIl. 
Univ. of Ill.) 

MoreEno-GoMeEz, GONZALO, Michoacan, Mexico 
(C. E., Com. Fed. de Elect.) 

Neaves, A. H., Watford, Herts, England (Univ 
Asbestos Mfg. Co., Ltd.) 

NELSON, JOE, Jr., Tulsa, Okla. (Arch 
Ser. Pipe Line Co.) 

PANEK, Ricwarp E., Cleveland, Ohio (Sales 
Engr., Dunbar Constr. Co.) 


Louis, Mo. (Struct 
(Hd., Brdg. 


(Grad. Stu., 


Engr., 


PaTrRY, Marcet, Montreal, Que., Canada 
(Struct. Engr., Beauchemin, Beaton, La- 
pointe) 


PATTEN, Bruce JOHN Francis, Sydney, NSW, 
Australia (Lecturer, C.E., Univ. of N.S. W.) 

PetKorr, Peter B., Dearborn, Mich. (Assoc 
& Chf. Struct. Engr., Smith, Hinchman & 
Grylls Assocs., Inc.) 

Precut, Kai, Stockholm, Sweden (Tech. Mgr 
AB Svenska Sika-Produkter) 

Puzey, H. L., Banff, Alta., Canada (Hwy. & 
Brdg. Insp., D. P. W.) 

REA, CLARENCE R., Dallas, Tex. (Dir. of Qity 
Control, Wesco Matls. Corp.) 

RINGEL, Eucene A., Chico, Calif. (Cons. Engr.) 
SANTONI, JOSEPH PascaL, Ciudad Trujillo, 
Dominican Republic (Hwy. Engrg. Cons.) 
SCHWAIGHOFER, JOSEPH, Toronto, Ont., 
(Asst. Prof., Univ. of Toronto) 
SHACK, STEPHEN G., Phoenix, Ariz. (P. E., 

M. J. Sienerth, Cons. Engr.) 


Canada 


S1caL, Georce B., Arecibo, P. R (Struct 
Desr.) 
SKAUGSTAD, DEAN L., Rochester, Minn. (Cemt 


Sales, Hawkeye-Marquette Cemt. Co.) 
Stamps, Joe W., Ft. Lauderdale, Fla 
Megr., Speed Crete of La., Inc.) 
STeranescu, E. M. (Mrs.), Montreal, Que., 
Canada > E., Beauchemin-Beaton-La- 
pointe) 
Stevson, E 


(Gen 


K., Kansas City, Mo. (Struct 
Engr., Pfuhl & Stevson) 
STRZELECKI, J W., Maple, Ont., Canada 
(Struct. Engr., Canadian Natl. Rwys.) 


TAvVAROzzI, CarRLO, New Britain, Conn. (Form 
Des. Engr., A. H. Harris & Sons, Inc.) 
Tocsa, Davip, Oslo, Norway (Lab. Rsch. Wk 
Norsk Teknisk Byggekomtroll Lab.) 

TROESTER, JAMES M., Trenton, N. J. (Market 
Dev. Rep., Thiokol Chem 

TYsALL, Cyrm A., Potters Bar, Middlesex, 
England (Rwy. C. E., British Rwys.) 

VAN DER VLIsT, ARNOLD A., Nieuw-Loosdrecht 
Netherlands (Ed., Cement) 

Weaver, W. S., Montreal, Que 
Chem., Canada Cemt. Co., Ltd.) 

WESSELS, VINCENT E., Denver, Colo. (Dir of 
Rsch., Ideal Cemt. Co.) 

WILLIAMS, Bert, Leadville, Colo. (Conc. Engr.) 

WitiiaMms, Jack C., Palo Alto, Calif. (Wn 
Reg. Rep., Am. Conc. Pipe Assoc.) 


Corp.) 


, Canada (Chf 
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pete Coma Sot, 


This is to Gertife that 
John Smith 
Gruber 


of this institute and folly entitled te the privileges 
granted by ita Charter and Bylaws 





Late of memberehip July 1, 108 








SHOW YOUR 
CREDENTIALS 


as a professional concrete specialist to 
your clients and associates . . . with 
this handsome ACI membership certifi- 
cate. 


Actual size is 10 x 12 in. on parchment 
paper, suitable for framing. Student 
members become eligible for certificates 
when they advance to one of the high- 
er membership grades. 


Please use coupon below to order, and 
allow 90 days for preparation of cer- 


| tificate. 





TO ACI: Please accept my order for certifi- 
cate, priced at $3.00. 


C) Check C) M.O. Enclosed 


My name is to appear exactly as follows: 





Print or type 





Address 
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CONCRETE 


for 


Radiation Shielding 


A compilation of seven papers on 
the use of concrete for shielding 
nuclear radiation and the calcula- 
tion of proportions and properties 


f various heavy concretes. 


Concrete for Radiation Shielding—Empha- 
sizes factors related to concrete technology 
and cost, and discusses problems involved 
in the use of special concrete. Outlines 
design procedure for concrete shielding. 


Absorption by Concrete of X-Rays and Gam- 
ma Rays—A discussion of the mechanism 
of the absorption of x-rays and gamma 
rays by various shielding materials. 


Properties of High-Density Concrete Made 
with iron Aggregate—Data on the physical 
properties of several types of mortar and 
concrete made with iron-bearing aggregate. 


Heavy Steel Aggregate Concrete — Gives 
consideration to various mix proportions for 
heavy concrete and a proportioning pro- 
cedure for concrete of given strength and 
density. 


Properties of Heavy Concrete Made with 
Barite Aggregates—Presents data on test 
results on barite (barium sulfate) in con- 
ventional and prepacked concrete where 
high density is desired. 


a Magnetite iron Ore Concrete for Nuclear 


Shielding—Physical properties and costs of 
magnetite ore concrete are compared to 
those of other concretes 


Proportioning of Mixes for Steel Coarse 
Aggregate and Limonite and Magnetite 
Matrix Heavy Concretes—A discussion of 
structural concrete utilizing limonite and 
magnetite ores as fine aggregate and 
graded steel scrap as coarse aggregate. 


132 pages—offering graphs, 
tables, and test results 


$4.00 


($3.00 to ACI Members) 


PUBLICATIONS 





ANT & 








Witt1amson, N. W., Manchester, England 
(Lecturer, Struct. Engrg., Manchester Coll 
of Scien. & Tech.) 

WILLiaAMson, Ropert M., Jr., Ft. Washington, 
Pa. (Mgr., Sales Engrg., Hercules Cemt. Co.) 

YESLINE, CHARLES G., Pittsburgh, Pa. (Struct 
Engr., Dravo Corp.) 

Younc, Truman P., Cincinnati, Ohio (Cons 
Engr., Truman P. Young & Assocs.) 

ZYSNARSKI, ZBIGNIEW E., Ferndale, Mich 
(Struct. Desr., McWilliam & Keckonen) 


CORPORATION 


REx-SPANALL, INc., Milwaukee, Wis. (Eugene 
V. Holahan, Chf. Engr.) 


JUNIOR 


AROMIN, SERVANDO C., Manila, Philippines 
(Struct. Engr., O. A. Kalalo Assocs.) 

ASHER, Hans, Columbus, Ohio (Struct. Desr., 
Rackoff Assocs.) 

CARNIE, CoLIn G., London, England (Des 
Engr., Crouch & Hogg) 

CreEskorr, STEPHEN M., Wynnewood, Pa. (Stu- 
Supv., Vacuum Conc. Corp. of Am.) 

Datco, J. T. Hobart, Tasmania, Australia 
(Gen. Mgr., Ready Mixed Conc. Ltd.) 

DE LA CoLINA MAcEpo, Micvet, Mexico, D. F 
Mexico (Asst. Constr. Supt., Am. Embassy 
Off. Bldg. Constr. Off.) 

DraAKE, Royce A., Jr., Beaumont, Tex. (Engrg 
Asst., Tex. Hwy. Dept.) 

ForTsON, RicHarD M., Philadelphia, Pa. (Asst 
Supv., Vacuum Conc. Corp. of Am.) 

Gorski, Joun S., Philadelphia, Pa (Asst 
Supv., Vacuum Conc. Corp. of Am.) 

GREEN, R., Waterloo, Ont., Canada (Lecturer 
Univ. of Waterloo) 

HOLLAND, EuGENE P., Chicago, III (Struct 
Engr., PCA) 

Isaacs, GLEN H., Knoxville, Tenn. (Draftsman 
Cooper & Perry) 

Lee, CHARLES H., Baltimore, Md (Struct 
Desr., Whitman, Raquardt & Assocs.) 

Lim, Exuo T., Manila, Philippines (C. E.) 

MERINO ORAMAS, GREGORIO, Mexico, D. F., 
Mexico (Struct. Engr., Com. Fed. de Elect.) 

Mo tina IBERN, Serco, Santurce, P. R. (Constr 
Supt., Sergio Molina Ojeda) 

NASHED Mansoor, KAMAL, Cairo, Egypt (Engr.) 

NasrA, JosepH, Cairo, Egypt (C. E.) 

O'DONNELL, MICHAEL A., Camberwell, Victoria, 
Australia (Des. Engr., Garlick & Stewart) 


OMASTA, FRANK, Edmonton, Alta., Canada 
(Desr., Govt. of Canada) 

RIJHSINGHANI, ARJUN, Chicago, IIl (Struct 
Desr.) 


ROGGENKAMP, JAMES D., Louisville. Ky. (C. E 
Hartstern, Louis & Henry) 

SHAH, CHANDRAVADAN, C., Hillsboro, Ill. (Stu 
Ill. Inst. of Tech.) 

Swepock, JosepH LAWRENCE, Miami, Fla. (Sales 
Engr., Johns-Manville) 

Witson, Rosert THomAs, Santurce, P. R 
(Vice-Pres., Interstate Gen. Contrs.) 
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STUDENT 


ACAROGLU, ErTAN, Ankara, Turkey (Middle 
East Tech. Univ.) 

AKIN, Opcitn, Karsiyaka/Izmir, Turkey (Mid- 
dle East Tech. Univ.) 

ALEMANY GERENA, JUAN, Mayaguez, P. R. (P.R 
Coll. of Engrg.) 

ATAKOL, KENAN, Ankara, Turkey (Middle East 
Tech. Univ.) 

BoTeRO MARQUEZ, ALBERTO, Popayan, Colombia 
(Univ. del Cauca) 

Brecut, Epwarp WILLIAM, Philadelphia, Pa 

(Drexel Inst.) 

Doctor, RicHarp, Louisville, Ky Univ of 
Louisville) 

ERDOGAN, TURHAN, Ankara, Turkey (Middle 
East Tech. Univ.) 

FapIA, SHASHIKANT CHANDULAL, Champaign, I] 
(Univ. of II.) 

Gure_, AnmMetT, Ankara, Turkey (Middle East 
Tech. Univ.) 

Jirsa, JAMEs O., Champaign, Ill. (Univ. of Ill.) 

JORDAN, FRANK E., Phoenix, Ariz. (Univ of 
Ariz.) 


KAPANCIOGLU, MustTAPFA, 


(Middle East 


Karsiyaka 
Tech. Univ.) 


Izmir, 
Turkey 





Tools, Materials, Services 





Under this heading note is made of producer 
literature ond products of presumed technical in- 
terest to ACI users of tools, equipment, materials, 
accessories, and special services. 


Pipe lining firm 
expands services 

Pipe Linings, Inc., specializing in rehabili- 
tation of water pipe lines “in place” an- 
nounces expansion into the Midwest, East, 
and Eastern Canada with headquarters estab- 


lished in New York. The firm is a 20-year 
old subsidiary of American Pipe and Con- 


struction Co 
In the 
cement 


of Los Angeles 

years, the organization 
lined 6,700,000 ft of 
ranging from 4 to 180 in 
the Spunline and Tate processes, especially 
designed and developed for this work 
Pipe Linings Inc., P. O. Box 457, Wilmington, 
Calif 


last 5 has 
pipe 


using 


mortar 
in diameters 


over 


Rubber rings interlock sewer sections 

A system for permanently interlocking 
concrete sewer sections by means of rubber 
rings inserted in a groove between the units 
has been developed in Sweden. It has been 
evolved jointly by Trelleborgs Gummifabriks 
AB, who guarantee a life of 50 years to the 
rubber rings, and the makers of concrete 
working machinery, AB Cementvarumaskiner, 
Enstaberga. Engineered to 


strict standards 
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Keyper, Encin, Ankara, Turkey 
Tech. Univ.) 

KHANNA, J., 
of BL.) 
KoKx, NEJAT 

Tech. Univ.) 
Joun H., W 


(Middle East 


Vancouver, B.C., Canada (Univ 


Izmir, Turkey (Middle East 


LAAKSO, Lafayette, Ind. (Purdue 
Univ.) 

MARTINEZ-PEREDA, 
Univ.) 

OKSUZLER, YALCIN, 
East Tech. Univ.) 

PaGay, SHRINIWAS N., Iowa City, Iowa 
Univ. of Iowa) 

QUINCY, HERBERT 
(U.C.L.A.) 

Senpi., Uycur, Ankara, Turkey 
Tech. Univ.) 

Tene, Yarr, Haifa, Israel 
Usewicz, Josern C., JR., 
(Drexel Inst.) 
Wast!, S. TANVIR 
East Tech. Univ.) 
Yuce, Rustu, Ankara, 
Tech. Univ.) 
YUPRAPHAT, VISUT, 

Ariz.) 


Prepro, Madison, Wis. (Wis 


Ankara, Turkey (Middle 


(State 


KeitxH, Sepulveda, Calif 


(Middle East 


(Technion) 
Merchantville, N.J 


Ankara, Turkey (Middle 


Turkey (Middle East 


Tucson, Ariz. (Univ. of 


as to hardness, breaking point, aging, and 
water absorption so as to outlast the lifetime 
of the sewers, the rubber rings are now de- 
livered in all current dimensions from 150 
1000 mm diameter 

Several other for rubber in the con- 
struction industry have been developed 
They include the sealing of joints in houses 
built of prefabricated concrete elements, 
packing of various kinds of pipes and con- 


mm to 


uses 


duits, and leakage-preventing gadgets for 
use in tanks, valves and instruments contain- 
ing certain fluid or gaseous matter.—Swedish 
Trelleborgs Gummifabrik, Stockholm, Swe- 


den 


Epoxy resin bonding compound 

Thiopoxy, a two-component, modified 
epoxy resin adhesive for bonding new to old, 
or old to old has been 
by Horn Research Laboratories 
Field and laboratory tests over the past few 
years show that this bonding adhesive is 
stronger than that which it bonds. Moderately 
damp impact after aging, in 
failure due to brittleness or 
according to Horn spokes- 


concrete, developed 


conditions, or 
way 
loss of 


no causes 
adhesion 
man 

The developer recommends the adhesive for 
spalling or scaling concrete areas, broken 
cracks. It is said to secure overlays 
of portland cement concrete surfaces, ter- 

industrial floor toppings, sidewalks, 
roadway resurfacing Thiopoxy seals 
and salt intrusion, bonds traffic 
extruded curbing to portland 
bituminous concrete surfaces. It is 


slabs, or 


raZZzo, 
and 

against water 
markers ol! 
cement or 
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For Better Concrete... 


You Need All Three 


ACI Manual of Concrete Inspection 


From concrete fundamentals to the latest developments in construction, 
this hard cover manual explains inspection thoroughly. Pocket size, 240 
pages, illustrated for clarification. Intended as a supplement to spe- 
cifications. $3.50, ACI MEMBERS $1.75. 


Manual of Standard Practice for 
Detailing Reinforced Concrete 
y \ Structures 





\ 
& al \ Widely endorsed, this man- 
_ \ ual (ACI 315-57) correlates 
" ” wet ee the latest methods and 
How-to ww standards for fabricating 
A and placing _s reinforcing 
steel Typical drawings 
* translate recommendations 
Guides on engineering and placing 
drawings into practical 
ian aig examples. Spiral bound, 86 
‘} &* pages. $4.00, ACI MEM- 








BERS $2.50. 


Reinforced Concrete Design 
Handbook 


An invaluable aid to solving most R/C design problems quickly, 
easily, and accurately. It clearly explains methods for mastering 
the design of flexural members, stirrups, columns, square spread 
footings, and pile footings. Tables cover the wide range of unit 
stresses in general practice. Hard cover, 120 pages. $3.50, ACI 
MEMBERS $500. 








Clip and mail coupon today 


American Concrete Institute 
P. O. Box 4754, Redford Station 
Detroit 19, Michigan Date 


GENTLEMEN: Please send me: 


sone copies of ACI Manual of Standard Practice for Detailing Reinforced Concrete 
Structures (ACI 315-57) 


. copies of ACI Manual of Concrete Inspection 
. copies of the Reinforced Concrete Design Handbook 
Enc'osed find $ . sees. iM payment 


NAME Siseltaata ; 
Please print or type 


ADDRESS 


~— i a. in oe oe 


NEWS 


a bonding agent on steel or concrete surfaces 
prior to using a gunite grout. Complete tech- 
nical bulletin available-—Sun Chemical Corp., 
750 Third Ave., New York 17, N. Y 


Square vibrating head 

The new WYCO concrete vibrator features 
a square vibrating head. Manufacturer claims 
the square-head unit produces a strong five- 





sided push in the concrete affording greater 
and faster compaction of stiff mix concrete 
according to supervised, accredited tests. The 
vibrator is available in 34, 1, 13g, and 154 in 
square sizes.—Wyzenbeek & Staff, Inc., 223 N 
California Ave., Chicago 12, Il. 


Extra-long-term equipment lease plan 
Rock and cement companies can now lease 
equipment for terms as long as 6 to 12 years 
under a new plan announced recently by 
Nationwide Leasing Co., Chicago 
Companies, possessing a tangible net worth 
of $1 million are eligible for the extra- 
long-term leases for as little as $25,000 worth 


of equipment. There is no maximum 


The new plan features level quarterly pay- 
ments for the term of the lease. No security 
deposit is required. Qualifying companies 
must show a 5-year record of profitable oper- 
ations and equipment desired must have a 
depreciable life greater than the lease term 
Nationwide Leasing Co., Department LT, 11 
South LaSalle St., Chicago 3, Ill 


Testing apparatus 


Greater mechanical stability has been built 
into a new design of the Gillmore Apparatus 


for cement testing now being made by Soil- 
test, Inc 
The apparatus determines the time of set 


of cement by determining at what time test 
specimens of the cement will bear the point 
of weighted needle. A '4, lb needle deter- 
mines the time of initial while another 
needle weighing 1 Ib determines the time of 
final set. In its redesign of the apparatus 
the manufacturer has employed one-piece 
construction of the cross arms and needle 
supports to eliminate possible binding of the 
needles. It has also used a pin guide arrange- 
ment to prevent a rotation of the cross arms 
that could deflect the proper angle of the 
needies.—Soiltest, Inc., 4711 W. North Ave., 
Chicago 39, Ill 


set 
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Standard building products 
for playground use 

A new use for standard concrete drainage 


units has been found by Lembo Concrete 
Corp., Huntington Station, N.Y. The com- 
pany has introduced a line of pastel tinted 


playground equipment which has been con- 
verted from standard drainage forms. The 
new line contains a group of concrete boxes 
and rings in ladder like form which can be 
placed in backyards, community playgrounds, 
and parks. The three basic shapes are cube, 
cylinder, and cone.—Lembo Concrete Corp., 
Huntington Station, New York. 


Precast concrete filigree panels 

Achitectural excitement was created for 
the Seville restaurant-nightclub in 
Franklin Square, Long Island, N. Y., by the 
use of a reinforced concrete filigree panel. 
Known as Dorian Sculp-Stone the panels 


Casa 





were build a 


attention 


three-dimensional fa- 
compelling design 


the Casa 


used to 
cade of 
The 
fitted 
Each 
Specially 


panels for 
with 
panel 


Seville job were 
dove-tailing notches and nipples 
fitted into the panel beneath it 
designed steel brackets were bolted 
to the panels and the stucco wall behind it 
The panel is 1 x 6 ft, 154 in. thick, with steel 
reinforcement throughout every member 
The basic panel is priced competitively, by 
the square foot, with the common filigree 
block. The panels have been used for such 
varied applications as walls and facades, 
fences, balcony 


railings, room dividers, lobby 





OC 


ornamentation, 
screening 


and 


carports, 


background 


Complete pattern and specification infor- 
mation can be obtained from the manufac- 
turer.—Dorian International, Roslyn, Long 
Island, N. Y 
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Masonry form for slab-on-ground 

A residential slab floor foundation proce- 
dure eliminating wood forming is being used 
in southern California. The procedure (patent 
applied for) has as its core two special foun- 
dation block invented by Tru-Bloc Concrete 





Products Co. The units are called the “J” 
block and the “U” block 


The procedure is said to speed up slab com- 
pletion by 142 days. The procedure has been 
approved by the counties and major cities of 
southern California and is acceptable to FHA 
and VA in the San Diego area 

Basically, there is no departure in job 
layout from conventional lumber-formed 
foundations. Briefly the procedure is: 


The trench is dug as usual, according to 
local code requirements, and the foundation 
block strung around the perimeter. Batter 
boards are placed and lines strung to re- 
quired height. Then the footing is placed, 
as required, and the “J” blocks, 8 in. high 
on the inside, 12 in. high on the outside, are 
immediately set into the wet concrete of 
the footing, and brought to the line. The 
“U"’ block used for the garage area is placed 
in the same manner 

The area inside the foundation is filled 
and leveled to the 8 in. level of the “J” 
block, and then the slab is placed.—Tru-Bloc 
Concrete Products Co., 5960 Fairmount Ex- 
tension, San Diego, Calif 


Heavy-duty vibratory feeder 


Syntron has introduced a heavy-duty Vi- 
bratory Feeder, Model FH-22, with maximum 
capacity of 40 ton per hr to bridge the gap 
between the company’s Model F-22 (25 ton 
per hr) and Model F-44 (50 ton per hr) 
Capacity is based on handling damp sand 
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or coarser materials weighing 100 Ib per cu 
ft. Capacity may be greater or less depending 
on the material. Stepless control of feed rate 
can be adjusted from maximum capacity 
down to 10 percent of maximum capacity. 
Syntron Co., 1471 Lexington Ave., Homer 
City, Pa 


White Thiokol based sealant 


E-BOND #1008, a chemically-vulcanizing 
sealant, based on Thiokol’s LP-32, is said to 
be suitable for all types of masonry work and 
general application in the building industry 

The sealant is pure white and can be tinted 
to any shade of any color except red. It has 
tested to an elongation of more than 150 
percent even after heat-aging equal to 15 
years’ exposure according to the developer 
It is a two-part system with a simple mixing 
ratio. The product is also available under the 
company’s Frozen Program in premixed, 
ready-to-use cartridges. ASTM specifications 
to which the product was tested are avail- 
able on request.—International Epoxy Corp., 
5C1 Northeast 33rd St., Fort Lauderdale, Fla 


Core length 
diameter indicator 


A measuring indicator for quickly and 
accurately determining the length and diam- 
eter of drilled concrete cores to be used for 
testing is now available from Soiltest, Inc. 


Concrete samples are bi 

core drilled from 
pavements, floors, 
walls and similar struc- 
tures, and the samples 
used for checking the 
complete work with 
construction specifica- 
tions as to thickness, 
quality, and strength. 
The new measurement inaicator 1s designed 
to enable highway and construction engineers 
to check cores rapidly and with consistently 
accurate results. The indexing rotary table 
locks into 8 positions for measuring the core 
length up to 12 in. The portion of the indi- 
ecator for measurement of diameter is detach- 
able, thus making two independent measuring 
units for diameter and length.—Soiltest, Inc., 
4711 W. North Ave., Chicago 39, Ill 


“© 


Drain and sewer tile testing machine 


A 14,000 lb capacity precision tile testing 
machine has been introduced by Forney 
Designated as Model PT-14, it is specifically 
designed for testing clay and concrete drain 
and sewer tile up to 24 in ID in lengths up 
to 48 in 

Equipped with two pumps, one for fast 
loading, and the other for applying the criti- 
cal load slowly and with no pulsation, tests 
can be conducted in accordance with ASTM 
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Here’s the Answer... 


to most of your questions concerning the “how” and “what” 
of better concrete. ACI’s CONCRETE PRIMER asks and an 
swers 155 vital questions about concrete mixtures, factors 
affecting strength, air entrainment, proportioning, etc. Con- 
sisting of 72 pages in pocket size format, the CONCRETE 
PRIMER presents in simple terms basic principles and im- 
portant new developments — and how they can be applied to 
produce durable concrete structures. 


What temperatures are unfavorable 
for curing? 






What is the purpose of air entrainment in 
concrete? 


What is the basis of proportioning to assure concrete 
of the desired weather resistance? 


$0.50 TO ACI MEMBERS NONMEMBERS $1.00 


American Concrete Institute, PO. Box 4754, Redford Station, Detroit 19, Michigan 


Please send copies of the 1958 edition of the ACI Concrete Primer. 


($0.50 for ACI members, $1.00 for nonmembers) 
Check (or money order) enclosed for amount 
Name 


Address 


City Zone State 
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specifications, and with completely depend- 
able results according to company spokesman 

The pressure gage is of precision design 
with a dial 8 in. in diameter calibrated 0 to 
14,000 Ib with 50 lb increments.—Forney’s 
Inc., Tester Division, P. O. Box 310, New 
Castle, Pa. 


Concrete tester 


Transverse testing machines for determin- 
ing the flexural strength of concrete speci- 
mens are now available from Steel City 
Testing Machines, Inc. 

Designated Model 
TF-179, the bench- 
mounted testers have 
a capacity of 2000 Ib. 
They apply a uniform 
load at a pre-set rate, 
which can be varied to 
suit different require- 
ments. Flexural tests 
confirm to ASTM 
standards. The load is 
set at 500 lb per min 
The machines are hy- 
draulically operated, 
with the hydraulic sys- 
omer tem located within the 
base and powered by 1/6th hp motors operat- 
ing on 110 v, 60 cycle alternating current 
Simple controls are conveniently located on 
the front of the base for ease of operation.— 
Steel City Testing Machines, Inc., 8817 Lyn- 
don Ave., Detroit 38, Mich 








Literature Available 


Pertinent details on the latest equipment 
and products on the market are available in 
recently released literature. Exact titles of 
the booklets and catalogs are indicated in 
capital letters. They may be requested di- 
rectly from the manufacturers listed below 





BE READY FOR READY-MIX CONCRETE 

Four-page folder serves. as guide in using 
ready-mixed concrete, highlighting various 
steps to insure easy placing and finishing, 
good workability and dependable results 

Huron Portland Cement Co., Technical Serv- 
ices Dept., Ford Building, Detroit 26, Mich 


CEMENT-TREATED SUBBASE FOR CON- 
CRETE PAVEMENT—PCA 13-min film, pre- 
pared specifically for highway engineers and 


contractors, shows the various methods that 
are used to construct cement-treated sub- 
bases for concrete pavements. Emphasis is 


placed on finishing these subbases to accurate 
grade and crown. The advantages of cement- 
treated subbases are mentioned briefly 
Cleared for use on television. $56 including 
can and shipping case.—Portland Cement As- 
sociation, 33 West Grand Ave., Chicago 10, III 
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JKS DIAMOND SAW BLADES—Brochure on 
diamond saw blades described as unique in 
the field for the amount and character of 
specific application data it presents. The bro- 
chure also introduces the JKS Pacemaker 
series of diamond saw blades, which includes 
segmented blades in five grades with diam- 
eters of 8 in. and larger, and continuous rim 
saw blades in two grades and in diameters 
of 3 in. and larger.—J. K. Smit & Sons, Inc., 
Murray Hill, N. J 


NATURAL FREQUENCY VIBRATING GRIZ- 
ZLY FEEDER (Bulletin C900P)—Eight-page 
bulletin describes Carrier Amplitrol Grizzly 
Feeders, designed primarily for use in rock 
products and ore processing plants. Describes 
the units exclusive amplitrol drive that uses 
natural frequency to produce more work 


using less power; also outlines the feeder's 
fast-acting, remote control system. — Chain 
Belt Co., Public Relations—Publicity Dept., 


Milwaukee 1, Wis 


REX TRUCK-MIXER MODELS—Three bulle- 
tins describing each of the three new Rex 
truck-mixer models are now available: Bul- 
letin 6177P on the Model 77, the economy 
model of the Bulletin 6142P on the 
Wate-Saver model, designed to permit greater 
legal payloads; and Bulletin 6155P on Model 
155, designed for steady, high-production out- 


series; 


put under severe operating conditions 
Chain Belt Co., Sales Promotion Dept., Mil- 
waukee 1, Wis 

CONCRETE MASONRY MANUAL This 
manual presents in concise form the basic 
facts about expanded shale masonry. Chap- 
ters are devoted to concrete masonry con- 
struction, suggested specifications, block 
manufacture, characteristics, texture, pat- 
terns and bonds, strength and weight, ther- 
mal insulation, fire resistance, sound trans- 
mission loss, sound absorption, mortar, vol- 
ume stability, coatings, basement’ walls, 
estimating quantities, and blast resistant 
construction.-——-Expanded Shale Clay and 
Slate Institute, National Press’ Building, 


Washington 4, D. C 


SURVEY OF MANUFACTURING 
IN AUSTRALIA 
port building 
industry in 
monwealth’'s 
tries 
clude 


ACTIVITY 
Comprehensive, 27-page re- 
and construction 
Australia prepared by 
Department of 
specifically 
portland 
building bricks 
fibrous plaster 
category, charts 
point factors 


on materials 
the Com- 
Trade. Indus- 
the study in- 
structural _ steel, 
and blocks, roofing tiles, 
sheets, and paint. In each 
and statistical indices pin- 
affecting the industry 


covered in 
cement, 


in terms 


of trends, production and demand, delivery, 
competition, stocks, costs and prices, em- 
ployment, and investment New South 


Wales Government Office, Dept. P 
Ave., New York 19, N. Y 
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BULLETIN BOARD 





BULLETIN BOARD items are accepted in the following categories: Professional Card, Used Equipment 
Wanted, Used Equipment for Sale, Positions Wanted, Positions Vacant, Business Opportunities, and Educa- 
tional. Rates per column inch are: $16.00 (1-2 times); $15.50 (3-5 times); $15.00 (6-9 times); $14.50 
10-12 times). Send your item today to JOURNAL of the American Concrete Institute, P. O. Box 4754, 


Redford Station, Detroit 19, Michigan. 





POSITIONS OPEN 





PROFESSIONAL CARD 





CONCRETE ENGINEER 


Concrete Engineer, with several years experi 
ence in Concrete and Concreting Materials, 
with some experience desirable in the precast 
concrete industry. Location, New Jersey. Write 
Box 150, c/o the ACI JOURNAL, P. 0. Box 
4754, Redford Station, Detroit 19, Michigan 








LEAP ASSOCIATES Inc. 


PRESTRESSED CONCRETE CONSULTANTS 


P.O. BOX 1053. LAKELAND, FLA. 











SALES ENGINEERS 


We need men with sales ability and experi- 
ence in concrete and construction for sales 
engineering positions open in Chicago, Vir- 
ginia, Texas and Metropolitan New York. Must 
have potential as future district sales mana- 
ger. Positions are independent, interesting, 
challenging, and long term. Sika Chemical 
Corporation, Passaic, few Jersey. 











MORAN, PROCTOR, 
MUESER & RUTLEDGE 


CONSULTING ENGINEERS 
Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures: Soil 
Studies and Tests: Reports, Designs and 

Supervision 
415 Madison Ave. New York 17, N Y 
Eldorado 5-4800 











PROFESSIONAL CARD 





HARDESTY & HANOVER 


Consulting Engineers 
BRIDGES, FIXED AND MOVABLE 
HIGHWAYS, EXPRESSWAYS, THRUWAYS 
SPECIAL STRUCTURES 
DESIGN, SUPERVISION. INSPECTION 
VALUATION 
101 Park Avenue 





THE THOMPSON & 
LICHTNER CO., INC. 
CONCRETE CONSULTANTS 


Design Testing — Research — Supervision 


8 Alton Place, Brookline, Mass. 





New York 17, N. Y. 











JACKSON & MORELAND, Inc. 
, 

JACKSON G MORELAND INTERNATIONAL, Inc. 

Engineers and Consultants 
Electrical—Mechanical—Structural 
Design and Supervision of Construction for 
Utility. Industrial and Atomic Projects 
Surveys—Appraisals—Reports 
Technical Publications 


Boston Washington New York 











OPPORTUNITY 


to find additional clients for your 
consulting engineering services. 
The Bulletin Board offers you a low 
cost way of presenting your special- 
ized services to key men in concrete 
engineering. 


Write for rate card today! 
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ALPHABETICAL LIST OF ADVERTISERS 


(Page Number refers to News Letter) 


Columbia-Southern Chemicals 6 
Concrete Reinforcing Steel Institute 20, 35 
Converto Manufacturing Company 43 
Hardesty & Hanover 63 
Jackson & Moreland 63 
Johns-Manville—Celite Division 14-15 
Leap Associates, Inc. 63 
Lehigh Portland Cement Company 38 
Marathon 24 
Master Builders Company, The; Division of America-Marietta 

Company 36-37 
Moran, Proctor, Mueser & Rutledge 63 
Sika Chemical Corporation iv (flyleaf), 63 
Sonoco Products Company 10 
The Thompson & Lichtner Co., Inc. 63 


The Institute assumes no responsibility for the claims of advertisers. The ad- 
vertiser is made responsible in the belief that his place in the field will be de- 
termined by the public’s ultimate measure of his exercise of that responsibility. 











NOTICE—Change of Address—-NOTICE 


To avert any delay in receiving my ACI JOURNAL, | wish to give notice of a 


change in my mailing address. (PLEASE PRINT) 
New Address: 





STREET & NO. 








CITY ZONE___. STATE 





Old Address: 
STREET & NO. 





CITY ZONE____. STATE. 
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Detailing 


Practices 






Buildings : 
to 





Bridges a, \¢ 


58 Illustrative Drawings 


The Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (ACI 315-57) incorporates under one cover 
the previous separate editions on detailing of buildings and high- 
way Structures. It is a correlation of the latest improved 
methods and standards for preparing drawings for the fabrication 
and placing of reinforcing steel. Sections on detailing and fabri- 
cating shop practice are translated into practical examples in 
typical drawings. Spiral bound to lie flat, it is the only publication 
of its kind in English and is meeting wide acclaim among de- 
signers, draftsmen, and engineering schools 


Full Price $4°° ACI Members °2°° 


AMERICAN CONCRETE INSTITUTE 


P.O. Box 4754, Redford Station 
Detroit 19, Mich. 
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